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FOREWORD 
Need for the Handbook 


A computerized mineral inventory system to help the United States Government 
appraise critical shortages of materials has been eatablished. This involves eval- 
uation of mineral deposits using the Bureau of Mines Minerals Availability System 
(MAS). The MAS is concerned with costing mineral occurrences where it is unknown, 
if they can be mined and/or processed at a profit. Therefore a consistent function- 
al method of costing both mining and mineral processing is a requirement of the fin- 
ancial analysis phase of MAS. The objective of this handbook is to develope a man- 
ual method for preparation of feasibility type estimates for capital and operating 
costs of mining and primary mineral processing of various types of mineral occur- 
rences using state-of-the-art technology. 


Use of the Handbook 


This handbook has been developed for a user with knowledge and experience in 
both mining and estimating procedures. The user should not use this handbook to try 
to determine the cost of any single component of a mining or mineral processing sys- 
tem. The combination of components will produce a reliable feasibility type esti- 
mate which should fall within 25 percent of expected actual cost. The estimated 
values from the use of the handbook are not intended to duplicate any specific min- 
eral producer's capital or operating costs. Individual component costs may vary. 
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BUREAU OF MINES COST ESTIMATING SYSTEM HANDBOOK 
(In Two Parts) 
1. Surface and Underground Mining 


Compiled by Staff, Bureau of Mines 


ABSTRACT 


This Bureau of Mines report and its companion report (Information Circular 9143) 
have been prepared to assist in the preparation of prefeasibility type estimates for 
capital and operating costs of mining of various types of mineral occurrences using 
current technology. The handbook provides a convenient costing procedure based on 
the summation of the costs for the unit processes required in any particular mining 
or mineral processing operation. 


The costing handbook consists of a series of costing sections, each correspond- 
ing to a specific mining unit process. Contained within each section is the metho- 
dology to estimate either the capital or operating cost for that unit process. The 
unit process sections may be used to generate, in January 1984 dollars, costs 
through the use of either costing curves or formulae representing the prevailing 
technology. 


Coverage for surface mining includes dredging, quarrying, strip mining, and open 
pit mining. The underground mining includes individual development sections for 
drifting, raising, shaft sinking, stope development, various mining methods, under- 
ground mine haulage, general plant, and underground mine administrative cost. This 
system can be used for estimating cost data for an undeveloped deposit or for check- 
ing or verifying mining costs from a developed deposit, with a minimum amount of 
background information. 


INTRODUCTION 


The Interior Department's Bureau of Mines systematically measures and classifies 
identified domestic and foreign mineral resources according to their respective ex- 
traction technologies, economics, and commercial availability. To this end, the Bu- 
reau collects data on major mines and deposits worldwide and uses these data in est- 
imating and monitoring production costs and availabilities for 34 strategic mineral 
commodities. The estimation of production costs includes such items as capital ex- 
penditures and operating costs for mining and mineral processing operations, as well 
as transportation and infrastructure costs. A consistent method of costing is a re- 
quirement for such analysis. The cost estimation system (CES) has proven invaluable 
to the Burea's work in this area. 


The CES handbook was developed in 1975 to assist in the preparation of prefeasi- 
bility type estimates for capital and operating costs of mining and beneficiation of 
various types of mineral occurrences using current technology. The system provided 
a convenient costing procedure based on the summation of the costs for the unit pro- 
cesses required in any particular mining or mineral processing operation. This edi- 
tion of the handbook is essentially a revision of the earlier effort, updated to re- 
flect the costs of technologies employed as of January 1984. To provide continuity, 
the numbering system used in the original handbook has been retained. 


The following are the 34 strategic commodities targeted for coverage by the up- 
dated costing handbook. 


Aluminum Cobalt Ha fnium Mercury Rare earths Titanium 
Antimony Columbium Iron Molybdenum Silver Tungsten 
Asbestos Copper Lead Nickel Sulfur Zinc 
Barium Fluorspar Lithium Phosphate Tantalum Zirconium 
Beryllium Gold Magnesium Platinum Thorium 

Chromium Graphite Manganese Potash Tin 


The updated edition of the CES handbook consists of this Information Circular 
(IC) on surface and underground mining, and IC 9143 on mineral processing. 


EVOLUTION OF CES 


The first edition of the Bureau's Capital and Operating Cost Estimating System 
Handbook was prepared by STRAAM Engineers, Inc., Mining Division, under contract 
J0255026. The handbook was developed for use by individuals with knowledge and ex- 
perience in both mineral engineering and cost estimation. The handbook was designed 
to produce a reliable prefeasibility type estimate, acurate to within 25% of the ex- 
pected actual cost. 


The first edition was introduced in 1975 and, accordingly, the costs therein re- 
flected 1975 technology. In the decade since the introduction of the handbook, con- 
siderable technological change has taken place and mining mineral processing costs 
have been significantly affected. Further, other important developments such as de- 
creasing metal prices, rising labor costs, and environmental restraints have result- 
ed in a series of austerity measures effected by the management of many mineral op- 
erations. In view of these considerations, a complete revision of the handbook was 
warranted. 


In order to ensure adequate coverage of the 34 strategic commodities by the CES, 


it was necessary to reevaluate each cost section from the 1975 version of CES and 
also to develop a considerable number of new unit process sections. The task of up- 
dating and revising the manual was assigned primarily to three Bureau groups. The 
Intermountain Field Operations Center (Denver, CO) was assigned the responsibility 
of providing updated replacement sections for the majority of the surface mining and 
mineral processing unit operations contained in the original manual, while the Wes- 
tern Field Operations Center (Spokane, WA) held primary responsibility for updating 
and supplementing the sections for underground mining. Additionally, several new 
mineral processing unit operations were provided by both field centers. Finally, 29 
completely new unit operations were prepared by Pincock, Allen and Holt, Inc., under 
contract J0O245002. The entire update project was coordinated by the Minerals Avail- 
ability Field Office (Denver, CO). 


The CES handbook consists of a series of costing sections, each corresponding to 
a specific mining or mineral processing unit process. Contained within each section 
is the methodology to estimate either the capital or operating cost for that unit 
process. The unit process sections may be used to generate costs through the use of 
either costing curves or formulas, depending on the option of the estimator. The 
cost curves are typically presented on a logarithmic scale of cost versus capacity 
and the corresponding cost formulas are (usually) of the form Y = A(x)3, where x 
and Y represent the independent and dependent variables of size or capacity and 
cost, respectively. All cost estimation methodologies contained in this manual have 
been prepared in January 1984 dollars and represent the prevailing technology at 
that date. 


In the operating cost formulas and graphs presented for the various unit proces- 
ses throughout this handbook, the Y subscripts L, S, and E indicate labor, supplies, 
and equipment operation, respectively. None of the curves or equations in this 
handbook contain allowances for property and/or inventory taxes, general insurance, 
or depreciation. 


The reader will note that all cost equations and curves are linear, logarithmic, 
or exponential, and that associated with each cost section is a range of applicabil- 
ity. The data obtained within these stated limits are reliable, but the same cannot 
be said for costs obtained by extrapolation outside of these limits. In most cases, 
the upper and lower limits encompass production parameters for actual mining and 
mineral processing operations used in the preparation of the unit process sections 
with values beyond tending to fall outside the range of current technology. 


The data used in the development of this handbook were derived from information 
gleaned from a number of sources including industry contacts, Bureau equipment sup- 
pliers and vendors, files, and Government contractors. The major steps involved in 
the development were essentially the same for all unit processes and involved the 
following progression: 


1. Accumulation of data relating to each unit process through literature re- 
view, industry contacts, equipment vendors, etc. to provide the data base for deve- 
lopment of the capital and operating cost estimates. 


2. Determination of the types of the equipment for the unit process used in in- 
dustry as of January 1984, and the establishment of the range of capacities for 
which the unit process is employed. 


3. Selection of a minimum of three capacity data points for detailed cost ana- 
lysis and subsequent preparation of a bottom-up cost estimate for each data point. 
The majority of the data points corresponded to a capacity of an existing operation. 
In isolated cases where an existing operation of appropriate capacity could not be 
located, or because of insufficient data, the costs for an operation were modeled 
from the other estimates. [In all cases, the limits of applicability stated for each 
section are within 154 of the maximum and minimum data points, respectively. 


4. Calculation of the costing formulas and drafting of the cost curves. Gene- 
rally, the costing formulas were derived through geometric regression analysis of 
the cost estimates prepared for each capacity, although a few curves are linear or 
exponential. 


5. Verification of the cost formula through comparison with actual data. The 
total facility costs projected by the handbook have been demonstrated to fall within 
the limits of a prefeasibility estimate (i.e., within plus or minus 25% of actual 
costs). 


METHODOLOGY 


The CES handbooks for surface and underground mining and mineral processing are 
each divided into three major sections. The first of these sections, capital costs, 
involves the construction of the mine or mineral processing facility. The second 
section, operating costs, allows for the computation of the operating labor, sup- 
plies, and equipment operation of an existing or hypothetical operation. The last 
section, infrastructure, contains cost equations and curves for an assortment of in- 
frastructure items. 


Each cost generated by use of the costing handbook may be broken down into its 
respective subcomponents. A brief discussion on this aspect of the costing system, 
as applied to capital and operating costs, follows. 


Capital Cost 


The capital cost estimates were prepared to correspond to the actual range of 
capacities for which the unit processes are employed in industry. Detailed cost 
estimates were prepared for a minimum of three separate capacities covering this 
range. For the capital cost estimates, each unit process estimate was composed of 
the construction labor cost, the construction materials cost, a purchased equipment 
cost, and the cost of transportation. Each capital cost section gives a breakdown 
of these four components as a percentage of the total fixed capital cost for the 
unit process. 


Modest contingencies, generally ranging from 54 to 10%, were applied to cover 
incidental items not specifically addressed in the estimates for some of the capital 
cost sections. However, it must be stressed that this contingency was applied only 
in areas where there was a degree of uncertainty on the part of the evaluator pre- 
paring the cost section and it must not be inferred that an overall blanket contin- 
gency has been applied. 


Construction Labor 


Construction labor costs were estimated from worker-hour requirements for each 
unit operation for each capacity studied. Average labor costs were determined from 
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local union wage rates for a variety of job classifications common to mineral indus- 
try construction. The average labor wage rates applied to the worker-hour estimates 
include labor burden and fringe benefits of 21% of the base wage rate. For this 
analysis, the construction labor burden and fringe benefits have been assumed to in- 
clude the employer's contribution to union funds for health and welfare, vacations, 
holidays, sick leave, retirement, Social Security (FICA), Federal Unemployment In- 
surance, (FUI), State Unemployment Insurance (SUI), and Workmen's Compensation. 


A shift adjustment factor has been included in some of the capital cost estima- 
tion sections for mining, since it is conceivable that certain operations may ope- 
rate either one or three shifts per day. Since the base case sections were designed 
for two-shift-per-day operation, it was necessary to include a mechanism for adjust- 
ing the cost per day total for an alternative operating schedule. The job classifi- 
cations and associated base wage rates used in the computation of the construction 
labor component of the capital costs are presented in table l. 


Table 1.--Construction labor job classifications and hourly wage rates 


Job Wagel 
Borlermaker, miGUIMEYMAN s+ << c's ccs se. #06 oe. 6 $21.00 
BOierMakerT, ADPLENC LCC rcscscvseeccessvccscsess P{e32 
Carpenter, jOurMeyMan.cccccccccccccccccccccce 20.50 
Carpenter, apprentice. secccsccevcccsscvcscene 15.89 
Concrete finisher, journeyMan..ccccccccccveee 21.40 
Concrete finisher, apprentice.ccrcccccccrccoee 15.88 
Electrician, jOurneyMan..cecccccccccccccscece 23 sil! 
Electrician, apprentice. cccccceccesccccvcseces 12.71 
Equipment Operator. eeeeeccccccceccccseseseces 19.15 
Equipment operator, apprentice..cccrccccccces 15.80 
Tronworker, JOUrNCYMAan. eseccccccccccccccscnes 22.08 
Tronworkerplapprentice .scisetcetieiccccscaesiae 16.01 
ADO LG Dstpie bie ¥16) «G18. blo Saisie © Scie © Sle are ath 0 Seo Wels a se L2s71 
Millwright, journeyman. cecceccccccccccccccces 22.52 
Millwright, apprentice. cccccccvcccccccccceces Lie27 
Patele Ae iOUrMe yMAN Hac a « Fos Siei8l 2s ole aide Kaleiele aie 19323 
PatritenprapRrentice. esses s cusie Dace biwik oe 0 oa esha 14234 
Pipefitter,s sjourmeyManescccsscccsccccsscseses 20.90 
Pipefitter, apprentice. cccccercccvscccccvccee 13.71 


1 Includes 21% burden and fringe benefits. 
Construction Materials 


The estimates for construction materials include support steel, steel reinforc- 
ing bars, concrete, sand and gravel, timber, etc. Also included are small hand- 
tools, welding rods, and other miscellaneous equipment. It was generally assumed 
that construction materials are readily available at the mine or construction site 
and that the freight cost associated with these materials is negligible. 


Purchased Equipment 


In the capital cost sections for both mining and mineral processing unit opera- 
tions, purchased equipment refers to the major mining or process equipment directly 
associated with the operation. The development of the capital cost estimates for 
each unit process included the construction of a major equipment lists with the 
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equipment sized according to the capacities analyzed. 
Transportation 


Transportation, or freight, costs have been estimated using the basis of a mid- 
western (Denver, CO) mine or construction site. In most cases, freight costs were 
estimated using the nearest supplier-vendor for each piece of equipment to calculate 
the total distance for the shipment. Average transportation rates were then applied 
to the distance to calculate the cost of transporting the major equipment items from 
the manufacturer to the construction site. In each capital cost section, the per- 
centage of the fixed capital cost for the particular unit operation is given and can 
be applied to the cost generated by the costing formulas (or curve) to derive the 
transportation cost. 


A uniform 4% sales tax was applied to the total fixed capital cost for each unit 
operation. This approach reflects the construction of a green- field mine or mine- 
ral processing facility by an independent contractor. If the sales tax for the area 
being estimated differs from the standard 4%, then the appropriate adjustment to the 
total capital cost should be made. 


Adjustment Factors 


Many unit process sections contain one or more adjustment factors that may be 
used to address circumstances other than those assumed for the develop- ment of the 
cost section. These factors are generally multiplied by the product of the cost 
formula (or the cost taken directly from the curve) to obtain a cost representative 
of these special circumstances. 


All curves in this handbook have been adjusted to a common base with every ef- 
fort having been made to present data representative of a typical application of the 
particular mining method or beneficiation process under consideration. Often, how- 
ever, the estimator will be privy to information that can substantially upgrade the 
quality of the estimate through the judicious application of adjustment factors. In 
order to properly apply the adjustment factors, the estimator must be capable of 
discerning any differences between the method or process under consideration and 
that presented in this handbook. When the estimator encounters an abnormal situa- 
tion, proper adjustment of curve data, either upward or downward, must be made. For 
that reason, whenever certain adjustment factors may apply they have been explained 
and referenced. Mention of some of the common adjustment factors has been omitted 
from the narratives in order to avoid repetition. These factors include the various 
cost indexes and the labor rate and power cost conversion methods, as well as more 
subtle variables such as rock hardness. Even though many variables have been con- 
sidered in the preparation of the handbook, every mineral deposit has its own unique 
differences that the individual estimator must be able to recognize and include in 
the cost estimation. 


Operating Cost 


The operating costs presented in these sections include the mining and mineral 
processing costs and mine or plant overheads. The operating cost section for each 
unit process includes distinct formulas and curves allowing for the independent cal- 
culation of the operating labor cost, the operating supplies cost, and the equipment 
operation cost. Fixed charges of insurance, taxes, royalties, depreciation, packag- 


ing, product freight, selling expense, and general and research expenses are not in- 


cluded. The costs associated with supervision are not included with the individual 
unit processes, but are included in aggregate form with the general and administra- 
tive expense curves. 


Labor 


The labor costs generated through the use of this handbook include both direct 
operating labor and maintenance labor. Each operating cost section of the handbook 
provides the relative percentages of direct and maintenance labor that may be ap- 
plied to the aggregate operating labor cost generated by the costing formula. 


The text also presents a tabulated summary of the direct labor component of the op- 
erating labor cost, providing a breakdown of job classification and the average wage 
rates for the direct labor involved in the operation. An example listing of job 
classifications and wage rates used in the estimation of the operating labor costs 
is presented in table 2. 


Table 2.--Operating labor job classifications and hourly wage rates 


Job Wagel 
Operations; 
ROGaLyeUT PIMISODELULOL is slew suisse 5 + slew saa 6 6 $16.78 
SROVELEOPCLALOT sissies owl ces 016d sae 0 605 so 6 sipie 6-6 Neo Se a 
GUC Ga Woke OSs vatsiele odes sis felt Giale 0 a.9'0 b leete'e.0 wie'eie c 15.89 
2 Vem 1G fetes alesis e eidiei sis laieie.e #64) 0 ie .eig laisse. © ase TBs 
ReoGUci Ole badd Gis is ess sie cisieleitiaisis 6 ois 0701s 0010.5 6 Diss 
Control room OPeTatorescecesccccsvsccccesce Lj 23 
MLL SODETATOL onze 0010's 00,500 0 > 60 00.0 scene ciece 16.78 
Mid DEL DE raise «o's s #06416 5:6 150 6 6s i0.e te 0 0 0105.0 0,8 13.66 
PeAMl Die Lgietats iets eile ots s lee tole e\s sithelecs is ss ais oie sini 616.4 oie 15.44 
Plier A DORE te cts duatate’e 6.6 ciate s 6 ise ale ce 6.6: Sine 618 69 (6% 11.68 
Maintenance: 
MEG Halt CUWEL UCT tu Adis exc 6.4.0 010:¢clno bie .eys oft in 96,00 16.78 
MEGhand ce /WELC CTipe Dine o-4 pies tid.s o ee wioteieis: epaiae 6 iW See hs) 
BERL At ais seks aie cis eit ik. sie 60'S ois) 6ieus 0 le) o.0.6.0100 160 LBeit 
LET rg SU PE © SIT TA ee Se eS Ae We Pe i | 
[OA MR Ee ie tole oa ate tatele re eco diale is 016 646 Sis-6 016 6 6.016.016" 8:0 0.06 14.56 
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lincludes 32% burden and fringe benefits. 


All labor rates (costs) used in the preparation of curves are based on the 
Denver, CO, area as of January 1984, and include an approximate allowance of 32% to 
cover all applicable payroll burdens and fringe benefits. Shift differentials of 
$0.30 per hour for the second shift and $0.45 per hour for the third shift have been 
included in the labor estimates. Area and/or incentive bonus premiums are not in- 
cluded and the estimator's judgment must determine the application of adjustment 
factors for these items. 


Supplies 


The supplies portion of the operating cost sections is comprised of electrical 
power, natural gas, reagents and industrial chemicals, and other consumables. A 
standard sales tax of 4% was added to all nonfuel items. The costs in table 3, re- 
flective of January 1984, were used in preparing the estimates of supply operating 
costs: 


Table 3.--Base case supply costs 


Commodity Unit Cost 

Pe TOT is wi w'eiaiovese.s ale Veatusls aoe eae ipete raeteretr ststate ein aking 
Natpral Caste c'i cscs see UOUNEt meee seer mn ome G 
Goaly 644—-SubbiCuminousa. sce Ste itis nists sss 2 ie UU 
HLECUELICLLY cess cts a > o'c c atehers KIN ctl atete islets se tes ss een) 





Equipment Operation 


Equipment operation costs are considered to include fuel, lubrication, repair 
parts, and tires for all process equipment related to the unit processes. The fuel 
costs used in the preparation of the cost estimates on which the equipment operation 
curves are based were those in effect in the Denver, CO area in January 1984. The 
gasoline and diesel fuel costs were both $1.00 per gallon. A standard sales tax of 
4% was added to all nonfuel items. 


To adjust fuel costs to more recent, local rates, the user should first obtain 
the percentage of the total equipment operation cost due to fuel, and then multiply 
that percentage, in decimal form, by the current cost per gallon of gasoline or die- 
sel fuel. 


Adjustment Factors 


Similar to the capital cost sections, many operating cost sections contain ad- 
justment factors to address operating circumstances other than those that were as- 
sumed for the development of the costing section. Again, these factors are general- 
ly multiplied by the product of the costing formula (or the cost taken directly from 
the curve) to obtain a cost representative of these special circumstances. A more 
detailed explanation of the development and use of adjustment factors has been in- 
cluded in the previous discussion of capital costs. 


Infrastructure 


In addition to the unit process modules, a number of auxiliary sections rep- 
resenting the various infrastructure elements associated with mining and mineral 
processing operations have also been provided. These sections include long-distance 
transportation, loading facilities, storage, waste water treatment, access roads, 
townsite and camp operation, among others. The application of these sections is 
virtually the same as for the unit process sections. 


COST UPDATING 


The mining and mineral processing estimating procedures presented in the hand- 
book, using individual cost component breakdowns, provide a methodology by which the 
base costs derived from the system can be adjusted to be applicable in different lo- 
cations and/or be updated through time. Labor productivities can also be adjusted 
to reflect cost differences due to differences in manpower requirements. 


Two methods may be used to adjust the labor cost curves. Method one, the more 
accurate of the two, is to use the prevailing labor rates for the area under con- 
sideration, in the year of desired escalation, and apply the appropriate payroll 
burdens and premiums. By dividing the new rate by the one given in the narratives, 
a labor adjustment multiplier is obtained, which is applied to the labor cost cal- 


culated from the formulas or from the curves. The second method is to use a labor 
rate for the area under consideration, in the base year. By dividing the new rate 
by the one given in the narrative, a labor adjustment multiplier is obtained, which 
is updated from either labor index number 1 or 2 (table 4). By dividing the in- 
dex corresponding to the year of desired escalation by the one in January, 1984, a 
ratio is derived, which when combined with the labor adjustment multiplier is ap- 
plied to the calculated labor cost. This factor can be used for all classes of 
labor throughout the estimate. 


Operating cost differences due to varying productivities can be adjusted through 
the individual unit process labor costs or through the combination of the components 
of underground mining, surface mining, or mineral processing. Contained in the la- 
bor portion of the narrative of each unit operation is a weighted average labor rate 
of all laborers necessary for that particular unit operation. The number of workers 
per day for each unit operation can be calculated by dividing the daily adjusted 
base year labor cost by the product of the average labor rate and 8 h per shift. An 
adjustment can be made on each unit operation if the estimator replaces the number 
of workers per day calculated above with a new estimate and multiplies by the ave- 
rage labor rate times 8 to derive the new adjusted labor cost based on a new produc- 
tivity. If specific information is not available on each unit operation, the user 
can compute the number of workers per day for each unit operation and add them to 
get the total workers for the mine or mineral processing plant being evaluated. A 
productivity ratio is determined by dividing the known number of workers per day by 
the computed value, which when multiplied by the total adjusted labor cost gives the 
new labor cost. 


Often, productivities are expressed as metric tons per worker-shift or metric 
tons per worker-hour. If the previous calculation is carried further by introducing 
the capacities of the mines or processing plants, productivity ratios can be derived 
to adjust the labor costs. 


Most of the supplies and equipment operation costs are composed of more than one 
component. In these cases, it is necessary to calculate the component cost for each 
index classification. By dividing the index corresponding to the year of desired 
escalation by the one for January 1984, for each component, a ratio is obtained that 
is multiplied by the calculated cost component. Combining these escalated compo- 
nents produces a final updated cost. 


Electricity, natural gas, propane, and water costs do not have corresponding 
index classifications for updating. The method used to update these categories by 
location is to use the prevailing rates for the area under consideration, either in 
the base year or the year of desired escalation, and to divide the new rate by the 
one given in the narratives resulting in the adjustment factor. This factor is next 
multiplied by the corresponding cost from the curve to obtain the site-specific 
cost. 


Cost Indexes 


The mining wage rates index includes both mine and plant labor. This index in- 
cludes skilled, unskilled, local, and expatriate labor along with burden and fringe 
benefits (employer's contribution to union funds for health and welfare, vacations, 
holidays, sick leave and retirement, Social Security, Federal and State Unemployment 
Insurance, and Workmen's Compensation). 
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The construction wage rate index includes all labor (see mining wage index for 
inclusions) employed in the construction of mines and mineral processing facilities. 


The equipment and repair parts index relates to equipment and repair parts rele- 
vant to mining and mineral processing operations and related infrastructure, e.g., 
front-end loaders, shovels, load-haul-dumps (LHD's), trucks, jumbo drills, as well 
as crushers, grinding mills, flotation cells, thickeners, filters, etc. 


The drill bits and related steel index includes steel for mining and mineral 
processing such as drill bits, pipe, fan liners, track, shovel and loader teeth and 
liners, etc. as well as replacement parts such as steel balls, rods, shell and head 
liners) scoop*lips® Yetc 


The timber and lumber index covers the timber and lumber that is most readily 
available for applications such as cribbing, lagging, and supports in underground 
mining. 


The fuel index covers refined fuel products weighted toward diesel. However, 
the fuel index is also considered applicable to other petroleum products. 


The explosives index includes all types of blasting supplies, e.g., propellent 
powders, blasting caps, etc. 


The tires and rubber index includes all types of tires applicable to mining op- 
erations, e.g., for LHD's, trucks, as well as other parts made of rubber such as 
conveyor or other belts for machinery. 


The construction materials index is applicable to materials such as sand, gra- 
vel, cement, limestone, reinforcing rods, steel fasteners, etc., for use in con- 
struction of mine and mineral processing plants and related infrastructure. 


The industrial materials index includes mining and mineral processing chemicals 
used in daily operations, e.g., wetting agents, mining reagents, dust depressants, 
flocculants, flotation reagents, etc. 


The transportation index measures transport cost based upon an assessment of the 
country's normal freight transport network relevant to the mineral industry and 
could include, in addition to rail and truck, means such as barge and pipeline. 


Table 4.--U.S. cost indexes, 1980-85 


1985 
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ESTIMATING PROCEDURE 


The CES handbook is a tool to be used for mine capital and operating cost esti- 
mation and comparison. As with any tool, the skill of the user will ultimately de- 
termine the quality of the product. The evaluator must realize that the extent of 
thought and understanding in the input will directly affect the accuracy of the fi- 
nal result. When estimating the cost of an operating mine, as much information as 
possible should be compiled prior to cost estimation. When costing a proposed op- 
eration, it is imperative to develop a detailed mine plan before using this hand- 
book. The method providing the maximum economic benefit given the restrictions of 
geometry, geology, and environment must be selected. Great care must be taken in 
selecting a mining method that is both applicable and practical with respect to the 
geometry, geology, and accessibility of the ore body, while taking into account any 
other parameters that might affect design. To obtain an accurate estimate, the im- 
portance of the compatibility of the stoping, mining, hauling, and general service 
systems with the characteristics of the deposit, as well as with each other, cannot 
be overemphasized. 


The initial step in using this handbook is the selection of sections and indi- 
vidual formulas and curves within the sections to be used in the evaluation. It is 
presumed the estimator will have adequate knowledge of mining, mineral processing, 
and estimating procedures before attempting to prepare an estimate using the methods 
presented herein. After the data requirements have been prepared, the cost sections 
that apply should be studied until their contents are fully understood. 


In order to effectively apply the costing system, the estimator should develop a 
reasonably detailed flowsheet and material balance incorporating all operations to 
be costed. A fairly comprehensive process flow diagram and material balance will 
enable the estimator to apply the system rapidly, as most of the formulas or cost 
curves generate costs directly as a function of capacity (usually metric tons per 
day). This preparatory work should be sufficiently detailed to establish the grades 
and recoveries for all major product streams as well as to delineate the mass flow 
rates (both solid and liquid) for all major product streams. Finally, any special 
information (required for adjustment factors) should be noted as it will enhance the 
accuracy of the final estimate. 


Each handbook section represents a unit process in mining or mineral processing. 
In order to generate the costs for a desired actual or proposed operation, the esti- 
mator must first obtain the following minimum information: 


The amount of ore and waste mined or concentrate produced on a daily basis. 


The mining and processing method(s) employed and any peculiarities associated 
with the deposit. 


The applicable labor rates, number of shifts operated per day, and water and 
electrical rates. 


Once this information has been gathered, all sections required for the cost est- 
imate should be studied to determine other information required for adjustment fac- 
tors. In order to obtain the best results, the estimator should proceed through the 
sections in the sequence they are presented in the handbook. A more detailed dis- 
cussion of the requirements for producing an acceptable cost estimate using this 


handbook is presented in the following section. 


Le 
GUIDELINES FOR SURFACE MINING 


Coverage for surface mining includes dredging, quarrying, strip mining, and open 
pit mining. When using this system for estimating cost data for an undeveloped de- 
posit or for checking or verifying mining costs from a developed deposit, a minimum 
amount of background information must be obtained. This includes environmental, ex- 
ploration, infrastructure, ore body configuration, rock competency, prevailing labor 
costs (including payroll burden), daily or annual tonnage, surface mining and haul- 
age methods, and any extreme circumstances that would have an impact on the costs, 
such as severe weather or remoteness of the location. 


A detailed explanation is included with each cost section. These explanations 
list the cost items used to develop the cost section, and specify exactly what is 
covered. Since many of the mining development, method, and haulage sections appear 
to overlap, each explanation must be read carefully and fully understood. Only by 
understanding the scope of each section can the estimator be assured that every re- 
quired item will be accounted for once, and only once, in the final cost. 


The following pages present some guidelines for designing surface mining sys- 
tems. As with any guidelines, many exceptions exist, and many situations are not 
considered. In the final account, the individual evaluator's knowledge of the de- 
posit and of the mining system will determine the accuracy of the estimate. Evalua- 
tors often assume that surface mining is preferable to underground methods. This, 
of course, is not always the case. For the purpose of selecting the best method and 
proper curves using this manual, both surface and underground techniques must be 
considered. The method providing the maximum economic benefit given the restric- 
tions of geometry, geology, and environment must be selected. 


Of the items that affect the economics of surface mining, the most important is 
stripping ratio (the amount of waste that must be removed to extract 1 mt of ore). 
In surface mining, overburden and waste must be removed to access the ore body. As 
the depth of mining increases, the rate of waste that must be removed to extract the 
same amount of ore also increases. A point is eventually reached where the cost of 
removing the ore exceeds its value. Consequently, steeply dipping narrow vein de- 
posits must be of very high grade to justify surface mining. The method is best 
suited for large volume deposits occurring near the surface. 


Generally, surface mining is more efficient than underground. First, more 
energy is required to extract and remove a ton of ore from an underground working 
than from a surface mine. Increases in drilling and blasting requirements per ton 
of ore, limits in the size of ore conveyance equipment, restrictions in haulage 
routes and speeds, and additional handling and rehandling of the ore all raise the 
total energy needs of underground mining. Increases in energy requirements escalate 
the production costs per ton, which in turn dictate higher cutoff grades. Second, 
higher ore losses are incurred in underground mining as compared to surface methods. 
While open pit recovery can approach 95%, underground methods such as room and pil- 
lar often leave as much as 404 of the ore behind, which translates directly into 
lost revenue. 


In the final analysis, the decision to mine an ore body using surface methods as 
opposed to underground usually pivots on economics. If development, extraction, and 
removal costs per ton ore ore are greater for one method than the other, the least 
expensive technique will undoubtedly be chosen. No general optimum deposit depth 
exists for surface mining. The practical depth for a specific deposit is deter- 
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mined by the stripping ratio, ore value, working slope angle, deposit volume, ex- 
traction method, mine life, and reclamation requirements. In many instances, ore is 
extracted by surface methods down to an economically determined cutoff point, then 
underground techniques are initiated. The above guidelines are general, and since 
all ore bodies are shaped differently, the evaluator must decide which model most 
closely resembles this situation, and which method, or combination of methods, is 
most appropriate. 


Deposit geometry is critical in the estimate of costs for both surface and 
underground mining. For surface methods, the total amount of waste removed per ton 
of ore is directly related to the shape of the deposit, and its relation to the sur- 
face topography. Surface mining techniques can be used in nearly all geologic con- 
ditions. However, factors such as weathering, fracturing, rock strength, and ground 
water all influence the stability of the ore and waste. Working pit slope is a 
function of this stability, and directly affects the production cost per ton and the 
economic depth of the pit. 


Before deciding on a mining technique, all remaining available information 
should be examined. Environmental, geographical, personnel, and financial restric- 
tions may each influence mine design. Since most sections have factors for unusual 
situations, this information will also increase the exactness of the cost estimation 
process. Although the benefits are often economically intangible, a prudent engi- 
neer must certainly study the advantages of reducing the environmental impact. 


Geographical characteristics and mine location may also alter the method of ex- 
traction and haulage. In rugged areas, it may prove difficult and expensive to 
bring in large equipment. Mine design in extremely remote areas may be dictated by 
the availability of power. Mine operators often choose to forego transmission lines 
and haul in fuel for diesel generators, if the latter is less expensive. High-draw 
electrical equipment, such as conveyors, may be eliminated in favor of trucks if 
electric power is scarce or costly. Conversely, an abundance of electrical power 
will compel operators to select an electrically intensive systen. 


The labor force deserves careful attention during the design process. If little 
labor is available locally, a highly mechanized mine may prove more economically at- 
tractive than importing personnel. Unskilled local labor, if plentiful, indicates 
the necessity of a labor-intensive method using simpler equipment. Many labor 
skills are easily transferable, and should be used to advantage. In logging or 
farming areas, the use of heavy equipment is common, and the labor force may easily 
adapt to mine equipment operation. 


MINING SYSTEM DESIGN 


Once mining and haulage systems have been selected, they are combined with the 
proper development techniques and auxiliary systems to complete the mine design. 
Provisions must be made not only for the access, extraction, and removal of the ore, 
but for the physical needs of the miners and the operational needs of the equipment 
as well. This entails the inclusion of communication, electrical, and water sys- 
tems, along with any other items required for safe extraction. 


As stated earlier, the individual unit process narratives detail what the sec- 
tion covers and must be thoroughly understood. Before designing the mine the user 
must construct access roads and utilities. Development consists of clearing, pre- 
production stripping, and enough haul road and bench development, so that when pro- 
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duction begins, it will continue at a uniform rate. The overall stripping ratio is 
the ratio of the total amount of waste to be mined to the total amount of ore. 
After production begins, the stripping ratio becomes the ratio of waste to ore dur- 
ing production, without including the amount of waste mined during development. 
Stripping ratio is often misleading and the user must understand what context it is 
used in before completing an estimate. 


Several other items must be individually considered and included in the cost 
estimation if required. These include 


1. Exploration 

2. Office and Laboratories 

3. Shops and warehouses 

4. Engineering and construction fees 
5. Administration 

6. Working capital 


Surface mining design and development is contingent on the value and the physi- 
cal parameters of an ore body and dependent on the technologies available to mine 
the ore body. Table 5 shows what mining types are available in this handbook: 


Table 5.--Surface mining methods 


Method Production range 

Wheel loaders or diesel shovels and trucks. 1,000 - 10,000 (mtpd) 
Shovels and “tricks sow a etc eee een. 8,000 - 400,000 (mtpd) 
SCA PESTS terse ster elatete crore olute el etare svete elovele cteterere’s 2,000 - 250,000 (mtpd) 


Crawler"draglitiess. steltyets clots. c'ctevetle's oetetelets ¢ 2,000 - 15,000 (mtpd) 
Walking draglines ii reels e's clcec eu eees ce! Fl 5y 000" — lS UNCOUm mt pd) 
Dredpaingw cia ce's cats sttatetes othe lee selcle statets erect 500 - 20,000 (bank m3/d) 
Bucket wheel @xcavatOrs ..s\clc cc's es oes elelate sete 2,200 - 125,000 (mtpd) 


Hydraul Ve miming s oc ctacatetlele eeteleteetctetete eteretetere 9,500 58,000 (mtpd 





Most of the surface development and mining sections have been developed on a ca- 
pacity basis. In this case, when users generate a mine estimate based on shift 
designations other than what the development of the sections was based on, no ad- 
justment is necessary. With the surface mining equipment sections, the tonnage 
mined by a designated amount of equipment is specified for a certain number of 
shifts. If the user wants to use another shift designation, an adjustment must be 
made. To adjust from a shift designation other than the one a curve was developed 
on, it is necessary to multiply the shift ratio (base/actual) times the mine capa- 
city, and then use the adjusted value for the actual cost determination. 


GUIDELINES FOR UNDERGROUND MINING 


The underground mining includes individual development sections for drifting, 
raising, shaft sinking, stope development, various mining methods, underground mine 
haulage, general plant, and underground mine administrative cost. When using this 
system for estimating cost data for an undeveloped deposit or for checking or veri- 
fying mining costs from a developed deposit, a minimum amount of background informa- 
tion must be obtained. This includes environmental, exploration, infrastructure, 
ore body depth, rock type and hardness, support or ground conditions, prevailing la- 
bor costs (including payroll burden), daily or annual tonnage, underground mining 


and haulage methods, and any extreme circumstances that would have an impact on the 
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costs, such as severe weather or remoteness of the location. 


A detailed explanation is included with each cost section. These explanations 
list the cost items used to develop the cost section and specify exactly what is 
covered. Since many of the mining development, method, and haulage sections appear 
to overlap, each explanation must be read carefully and fully understood. Only by 
understanding the scope of each section can the estimator be assured that every re- 
quired item will be accounted for once, and only once, in the final cost. 


The following pages present some guidelines for designing mining systems. As 
with any guidelines, many exceptions exist, and many situations are not considered. 
In the final account, the individual evaluator's knowledge of the deposit, and of 
the mining system he has designed, will determine the accuracy of the estimate. 


Geometry 


Initially, the geometry of the deposit must be understood to develop a mine 
plan. An actual or estimated length, width, thickness, strike, dip, continuity, 
shape, and relation to surface topography are all required. Once these are estab- 
lished, the list given in table 6. will provide a starting point in determining a 
mining method. 


Table 6.--Guidelines for selection of mining method 
Deposit Method 


All deposits, near BUA CE Has elds arse baistese] neers aaa SuUELAce mining. 

Bedded deposits, at depth, dip less than 309.... Room and Pillar, continuous mining, 
block caving. 

Narrow vein deposits, at dept hist tiie cbse atte: Sublevel-longhole, shrinkage stoping, 
vertical crater retreat, cut and 
fill, resuing. 

Small, irregular deposits, at depth............. Square set, cut and fill, resuing. 

Wide vein deposits, at depth~...ccccccccccccceeee Sublevel-longhole, vertical crater 
retreat, cut and fill. 


Massive deposits, at depth.....eseccceeeeeeeeees Block caving. 


1For estimating purposes, near surface can be taken to mean a depth less than 
150 m; however, the depth of economically feasible mining will vary greatly. 
Limits for stope width are stated in each individual stope preparation curve 
explanation. 
It must be remembered that for wide vein deposits, stopes can run perpendicular 
to the strike, although some ore may be lost to pillars. 


Geology 
Next, the geology of the ore and wall rock must be examined. Ore and wall rock 
characteristics directly affect method selection and subsequent mining costs. The 
extra time and supplies required to keep stopes and haulage ways open will obviously 
increase the total cost per metric ton of ore significantly. 


Economics 


The economics of the various methods must of course be considered. Once the 
geometry and geology of the deposit have been established, the choices of mining 
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method are narrowed significantly. At this point, if no other factors prohibit the 
choice, the least expensive remaining alternative is selected. Once it becomes nec- 
essary to use underground methods, the evaluator must remember that, for comparison 
purposes, stope preparation costs add to the relative cost per ton of ore extracted. 


Other Parameters 


Before deciding on a mining technique, all remaining available information 
should be examined. Environmental, geographical, personnel, and financial restric- 
tions may each influence mine design. Since most sections have factors for unusual 
situations, this information will also increase the exactness of the cost estimation 
process. 


Although the benefits are often economically intangible, a prudent engineer 
must certainly study the advantages of reducing the environmental impact. Serious 
environmental problems associated with mining include aesthetics, noise, dust, 
acidic mine water, and subsidence. Underground mining will substantially reduce 
the first three of these problems. For this reason, underground methods must be 
considered in environmentally sensitive areas, even if surface mining appears less 
expensive. Where subsidence is a problem, backfilling or permanent support will be 
required even though the deposit may lend itself to less expensive techniques. 


Geographical characteristics and mine location may also alter the method of ex- 
traction and haulage. In rugged areas, it may prove difficult and expensive to 
bring in large equipment. In this case, the most economically effective alterna- 
tives include labor-intensive methods such as cut & fill or shrinkage stoping. Mine 
design in extremely remote areas may be dictated by the availability of power. Mine 
operators often choose to forego transmission lines and haul in fuel for diesel gen- 
erators, if the latter is less expensive. High-draw electrical. equipment, such as 
conveyors and hoists, may be eliminated in favor of trucks if electric power is 
scarce or costly. Conversely, an abundance of electrical power will compel opera- 
tors to select an electrically intensive systen. 


The labor force deserves careful attention during the design process. If 
little labor is available locally, a highly mechanized mine may prove more econonm- 
ically attractive than importing personnel. Unskilled local labor, if plentiful, 
indicates the necessity of a labor-intensive method using simpler equipment, such 
as jacklegs and slushers. Many labor skills are easily transferable, and should be 
used to advantage. In logging or farming areas, the use of heavy equipment is com- 
mon, and the labor force may easily adapt to mine equipment operation. 


Many mining methods described in the manual require high initial capital in- 
vestments, even though production costs may be quite low. Block caving, for exam- 
ple, requires a large amount of time and money for preproduction development, and 
receipt of initial revenues are subject to an extensive lag time. Similar situa- 
tions occur with sublevel and shrinkage stoping, although not to the same extent. 
Some methods, such as hard rock room & pillar, have relatively low initial costs, 
and since ore is mined immediately, revenues are realized early in the life of the 
operation. Capital availability may also affect the selection of haulage methods. 
Not only must the respective advantages of rail, conveyor, truck, load-haul-dump 
(LHD), or hoist haulage be compared on a deposit accessibility basis, they must 
also be compared on a production cost basis, and, just as important if capital is 
short, an initial cost basis. 
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Mining System Design 


Once mining and haulage systems have been selected, they are combined with the 
proper development techniques and auxiliary systems to complete the mine design. 
Provisions must be made not only for the access, extraction, removal, and storage of 
the ore, but for the physical needs of the miners and the operational needs of the 
equipment as well. This entails the inclusion of communication, ventilation, elec- 
trical, and water systems, along with any other items required for safe extraction. 


As stated earlier, the individual unit process narratives detail what the sec- 
tion covers and must be thoroughly understood. For instance, since each mine has 
unique ventilation requirements, the ventilation section contains no allowance for 
separate ventilation shafts. If one is needed, either the raise boring, raise, or 
shaft sinking sections must be utilized to account for its construction cost. 


Consider the problem of first developing, then mining a vein deposit using a 
vertical crater retreat method shown in figure 1. First, all mining levels of the 
ore body have to be accessed. To accomplish this, a combination of shafts and 
drifts, ramps and drifts, or drifts and raises are designed to connect the surface 
with the ore body. During preproduction development, enough levels and stopes must 
be opened to allow for uninterrupted production once mining begins. Eventually, 
drifts on each level will be of sufficient length to access all planned stopes. 
Crosscuts from these drifts to the stopes, and all development within the stopes, 
are covered in the stope preparation sections. Consequently, the only design re- 
quirements for the evaluator are the number of stopes needed for initial production, 
their locations, and their dimensions. The vertical dimension of these stopes will 
determine the level interval. 


Next, a transportation system must be developed capable of delivering ore from 
the stopes to the mineral processing facility. In this case, it is assumed that all 
ore will be moved out of the stope to an ore pass using LHD's. The cost of these 
units will be accounted for using the LHD portion of the mine equipment section. 

Ore will be delivered to the bottom level through the ore pass, where it will be 
hoisted to the surface by way of a combination haulage-access shaft. The ore pass 
will be raised, or raised bored, from a point near the shaft on the lowest level to 
the uppermost level. Either short drifts or feeder raises connect this ore pass to 
a point central to the stopes on each level. Regardless of the choice of ore pass 
feed method, costs must be calculated for both the ore pass and the connections. 
The design requires the excavation of an ore pocket at the bottom of the ore pass. 
It should be capable of handling surges in production or breakdowns of the hoist. 
Hoisting facilities will also be required to lift the ore out of the mine. From the 
top of the haulage shaft, ore will be taken to the mill by conveyor. The cost of 
this conveyor should be attributed to the mine. 


Several systems are needed to provide services for workers and equipment. 
First, fresh air is a necessity for the workers. In this case, air will pass down a 
separate ventilation shaft, through the stopes and access drifts, and out the haul- 
age shaft. Although the ventilation section covers costs of fans and all auxiliary 
equipment, the expense of the separate ventilation shaft should be calculated using 
the raise, raise boring, or shaft sinking sections, depending on construction meth- 
od. A drainage and disposal system will be needed in any mine using or producing 
water, and a communication system is required in all mines for worker safety. 
Fquipment needs are primarily met by an underground shop or shops for maintenance. 


The number and size of shops depends upon the type and amount of equipment, and the 
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underground mobility between levels. Equipment demands also include water, compres- 
sed air, fuel, and electricity. Although water and electricity will be needed in 
all cases, fueling and compressed air systems may not be necessary. If the respec- 
tive equipment is not incorporated in the mining technique, these systems should be 
eliminated. In this example, compressed air is needed for down-the-hole drills, and 
fuel is required for LHD's. 


At this point, all capital costs attributed directly to underground mine deve- 
lopment have been considered. To estimate operating costs associated with extract- 
ing the ore, it is imperative that selected mining and haulage techniques be under- 
stood, and that corresponding operating cost sections be used correctly. (Care 
should be taken to account for all development required during production. Specifi- 
cally, enough stope preparation, drifting, and raising must be performed to maintain 
production as mining progresses. As for actual extraction, the vertical crater re- 
treat mining section covers drilling, blasting, and handling the ore in the stope. 
In addition, this section accounts for a 200-m haul of the ore using LHD's. If 
carefully designed, this 200-m haul will cover the distance from the stope to the 
ore pass feeder. The mining section also covers any miscellaneous items and auxil- 
iary ventilation needed in the stope. After the ore is fed to the ore pass with the 
LHD's, it falls to the ore pocket, where it is eventually loaded onto a skip. The 
hoisting section is used to account for the cost of lifting the ore up the shaft. 

At the top of the shaft, the ore spills into a bin which, in turn, feeds directly 
onto the mine-to-mill conveyor. Operating costs for the conveyor are also included 
in the total mine operating cost. 


With the exception of fueling systems, which are usually gravity fed, all 
other underground systems will have daily operating costs. Sections for ventila- 
tion, compressed air, drainage and disposal, water supply, electrical, and communi- 
cation systems will all be utilized, along with general items. If any core drilling 
is required to maintain reserves, a cost for this is also essential. 


The previous example addresses only the design and cost problems directly asso- 
ciated with extraction. Several other items must be individually considered and in- 
cluded in the cost estimation if required. These include 


1. Clearing 

2. Access roads 

3. Exploration 

4. Office and laboratories 

5. Shops and warehouses 

6. Surface buildings 

7. Engineering and construction fees 
8. Administration 

9. Working capital 
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Other Mining Methods 


The methods included in this handbook represent many traditional and most con- 
ventional approaches to mining. A number of variations of these methods have been 
tried and are currently in use. If confronted with a method that is similar to one 
included in this handbook, the costs will apply if the following criteria are met: 


4 Equipment requirements and usages are similar. 

Ln The labor requirements are comparable, and the tasks accomplished by each 
worker are analogous. 

Be Similar technical parameters exist, i.e., drill-hole size, hole spacing, 


explosive type, ore draw, and initial handling are comparable. 


Underground mining design and development is contingent on the value and the phys- 
ical parameters of an ore body and dependent on the technologies available to mine 
the orebody. Table 7 shows what mining methods are available in this handbook and 
ranges of productivities that were used in the development of these sections. 


Table 7. - Underground mining methods 


Method Curve range, mtpd Productivity 
mt/worker shift 


Block caving: 





GYavViCYn wise o « olotagste e's © orusteromehee ole cei sce eicls Lis ea=302 

Loadshau dedumippraics sic so «cic + otehe eeielena |=: sles sieve 677 =160 

SLUSNEGT ate cic le a icte aieie ol ele's) chee a1 ae late ate eiedetele tletets 70 “~TSL 
CONELNUOUS MINBNE os so ce crateleeterts Cee cle cc cs Sate 100 
CUE LANGM Er ll ate ccleid s 6 sisisisrclehe 6 4. oe ereene iene eter ste Of a2 
EGU DMO LC ol ceatat eve ets Gisipie unio ls ialele «oo aro) a ete eh ele anenoee OLE = a5 
ROSULNG ss os cc sche aise arateleieratwre. 0 0 6 16 6 sletete alete artes oy Beats 2 
Room-and-pillar: 

HA TORT OCH aelelcslalsts (sn \e. oe pices cle e ereeqetetris alesis tere O27 899 

SOLCELOCK in \neseutie cob ielo ss Wiese iounws ar eietel let etaarieletinene 102 136 
SHLAINKAREs cow aee ole .d o-0 cfetece 6:0 0 6 hase C0 f che ¢ wists terent SH) eh) 
SQUAY CNS Sltiretele « oeectncghete- a euster sisuece s asia obevetarele ssa. e Le. 
Vertical -CraGerenet reat wales ..ccunte og cents ole sedere LO7™s=200 


Underground mining development using this handbook requires the estimator 
either to know or to be able to determine the access to the ore body, either adit 
or shaft entry or a combination thereof, and any alternative access, service, or 
ventilation shafts or raises necessary. Depending on the haulage types and require- 
ments, the size and length of the haulage drifting necessary, can be developed. 
Based on the underground facilities that are necessary the underground excavation 
sections should be used to develop the underground openings that are needed. Stope 
development can be accomplished using drifting, raising, and excavation sections 
for the appropriate type of excavation necessary, or stope preparation sections are 
available that are based on the amount of development necessary for the mining type 
being considered at a known capacity. 


Criteria determining the best mining method selection is the ore body configur- 
ation and the ore mineral dissemination within the ore body. Massive type ore 
bodies are mined by room-and-pillar or caving methods, whereas vein type or further 
disseminated or pod type ore bodies are mined by one of the selective stoping meth- 
ods; cut and fill, shrinkage, square set, or resuing. 
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Most of the underground development and mining sections have been developed on a 
per meter advance rate or a per ton capacity basis. In this case, when users gene- 
rate a mine estimate based on shift designations other than what the development of 
the sections was based on, no adjustment is necessary. With the underground mining 
equipment sections, the tonnage mined by a designated amount of equipment is speci- 
fied for a certain number of shifts. If the user wants to use another shift desig- 
nation, an adjustment must be made. To adjust from a shift designation other than 
the one a curve was developed on, it is necessary to multiply the shift ratio (base/ 
actual) times the mine capacity, and then use the adjusted value for the actual cost 
determination. 


The underground development and mining sections contain a rock hardness factor 
but blastability of rock is related to factors not readily available to the evalua- 
tor, such as jointing, fracture patterns, and burden. Consequently, it is not con- 
sidered in the adjustment factors. If contract or incentive pay is being consider- 
ed, adjustments must be made to the labor cost to account for this additional ex- 
pense. 


EXAMPLE APPLICATION OF CES: VERTICAL CRATER RETREAT (VCR) MINING 


For purposes of illustration, the example that follows briefly outlines the pro- 
cedure for calculating the operating costs for a single unit process of underground 
mining. A similar sequence of calculations is required for any of the unit process 
sections contained in this handbook. The unit process section for calculation of 
the operating costs for vertical crater retreat (VCR) mining (refer to section 
5.2.1.9.10.) is the subject of this example. A hypothetical mining rate of 2,000 
mtpd of ore has been assumed. 


Operating Labor 


The first objective of CES involves the calculation of the total labor (direct 
operating labor plus maintenance, including fringes and burden) for the unit process 
under consideration. In the case of VCR mining, the formula for calculating the op- 
erating labor cost (per day) is 


Yy, = 23.075(x)9-595 
By substitution: Yz, = 23.075(2,000)9+995 


Subsequently, the relative amounts for direct operating labor and maintenance 
labor can be calculated using the percentages given in the text of 87% mine labor 
and 13% maintenance labor. 


Minewlabor,. ¢+++s-<. 01G0.87)( 2/1 24)N=0$ 11848 /day 
Maintenance labor... (0.13)(2,124) = 276/day 
TOtsIMLADOY ea ss ye 2,124/day 


Operating Supplies 


The cost per day of operating supplies for VCR mining is calculated by substi- 
tuting the capacity, 2,000 mtpd, into the equation 
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Vers e2eun2 (x 0ee ay 
2.152(2,000)9-947 
$2,877/day. 


KK 
nn 
toll 


The costs of the components of the operating supplies cost can then be calcula- 
ted using the percentages given in the text. 


Blasting (supplies vos soe okie sere can 0669) G298:77) 1H 4$19985/day 


Dril babi Gasand ts tee ke. heels cele tind (0.13)(2,877) = 374/day 
Mi sCel TaneGGUsMLCGMS facie cs'c ccs ce ees) UO 9) Conan a= 259/day 
Materialewaste G6 son .onset bebe etme 0.09022 8790 = 259/day 

Total operating supply cost...... 2,877/day 


Equipment Operation 


The cost per day of equipment operation for VCR mining is calculated by substi- 
tuting the capacity, 2,000 mtpd, into the equation 


Yep = 1.502(x) 9-792 
Yp = 1.502(2,000)9+792 
Yr $618/day 


The costs of the components of the equipment operation cost can then be calcula- 
ted using the percentages given in the text. 


Maintenance and overhaul parts.....-.  (0.44)(618) = $272/day 
Fue Lie. a eral hia ta ote \e eta oe aot atercbatelatelatelelareba (0.33)(618) = 204/day 
PTET GB i alste ante iatale’ ste’ atetelovateve oleleveteiscastetatets (0.16)(618) = 99/day 


LUD LU Ca CRO orerhorel ote bel elite oe where eaters (0.07)(618) = 43/day 
Total Equipment Operating Cost..... 618/day 


Adjustment Factors 


Rock Hardness Factor 


Provision is made for compressive strength of rock varying from the 31,700 psi 
used to develop the base case costs. To illustrate the application of the rock 
hardness adjustment factor it is assumed that the compressive strength of the rock 
considered in the previous example is 70,000 psi. The compressive strength is sub- 
stituted for the independent variable, C, in pounds per square inch, in the factor 
equations for labor, supply, and equipment operation. 


Labor factor (Fy) = (0.388) (c) 9-093 
(F,) = (0.388)(70,000)9-993 = 1.10 


(0.579) (C)9+954 
(0.579)(70,000)9+954 = 1.06 


Supply factor (Fg) 
(Fos) 


tl 


(0.716) (Cc) 9-933 
(0.716)(70,000)9-933 = 1,093 


Equipment operation factor (Ff) 
(Fr) 


Backfilled Stope Factor 


It is further assumed that backfilling of stopes is applicable to this hypothe- 
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tical operation. To adjust the costs for this variation, the backfilled stope 
factor is employed. In this case, the independent variable, X, represents metric 
tons per day of ore. 

Labor factor (Fy) = (0.863) (X)(2,000)9-930 = 1.08 
Supply factor (Fg) = (1-635)(X)(2,000)9°927 = 2.01 


Total Adjusted Costs 


Finally, the adjustment factors must be applied to the appropriate costs as de- 
rived from the base case cost formulas. 


Total labor cost ($2,124/day)(1.10)(1.08) = $2,523/day 
Total supply cost ($2,877/day)(1.06)(2.01) = $6,130/day 
Total equipment operating cost ($618/day)(1.03) = $637/day 


The application of other adjustment factors, and all other adjustment factors 
presented in the various mining sections, is essentially the same as shown in the 
examples above. 


Summation of Costs 


Finally, the estimator should sum the capital and operating costs. Significant 
figures should be taken into account at this time if the estimator has not already 
done so. The cost equations given in the text have not been reduced to significant 
figures, as they are the product of a statistical analysis. It is recommended that 
the estimator express no more than three significant figures (depending on the pre- 
cision of the input data). 
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Falconbridge Nickel Mines Ltd. 

Fawcett Drilling 

Foote Minerals 

Freeport Gold Co. 

Frye Equipment 

General Electric Supply Co. 

Getty Mining Co. 

Goodman Equipment Corporation 

Goodyear Conveyors 

Goodyear Tire & Rubber Co. 

Harnischfeger Corp. 

Hecla Mining Co. 

Hercules, Inc. 

Homestake Mining Co. 

Humphreys Mineral Industries, Inc. 

Inco, Ltds 

Industrial Design Corporation 

Inter-Tel, Inc. 

Ingersoll-Rand Equip. Corp. 

J.-N. Brown & Associates . 

James Montgomery Consulting Engineers, Inc. 

Jeffrey Manufacturing Co. 

Johnson Gas Appliance Co. 

Joy Manufacturing Co. 

Kappes and Associates 

Kerr-McGee Nuclear Corporation 

Krebs—Engineers 

Lacana Mining Co. 

Larox, Inc. 

Linatex 

Livingston-Graham, Inc. 

Magma Copper Corporation 

Molycorp Inc. 

Midwest Rubber Co. 

Mine & Mill Engineering, Inc. 

Mine & Smelter Corp. 

Mountain Bell 

Mountain States Mineral Enterprises 

Murphy Brothers Drilling Co. 

Nash Engineering Co. 

National Filter Media Corp. 

Newmont Exploration, Ltd. 

Noranda Inc. 

Oil, Chemical & Atomic Workers 
International Union 

Oregon Aeronautics 

Page Engineering, Co. 

Peabody Coal Co. 

Pennsylvania Crusher Corporation 

Phillips Driscopipe, Inc. 

Piet Lien & Sons 

Pincock, Allen & Holt, Inc. 


Pinson Mining Co. 
Plour, IM. 
Potash Company of America 
Precision National Elec. Co. 
Public Service Co. of Colorado 
Ralph M. Parsons Co. 
Reeves Plastic Pipe Co., Inc. 
Reserve Mining Co. 
Rexnord 
Robbins Co. 
St. Joe Lead Co. 
Salisbury & Dietz, Inc. 
Stainless & Carbon Steel Wool Co. 
Standard Metals Corporation 
Stearns Magnetics, Inc. 
Stewart & Stevenson Services, Inc. 
Sundt Industrial Contractors, Inc. 
Sunshine Mining Co. 
TAG, Inc. 
Taylor, P.R., University of Idaho 
Techna-Dyne, Inc. 
U.S. Bureau of Mines 
Div. of Nonferrous Metals 
Reno Research Center 
Salt Lake City Research Center 
Twin Cities Research Center 
Unit Rig & Equipment Co. 
U.S. Bureau of Reclamation 
U.S. Environmental Protection Agency 
U.S. Filter Fluid Systems Corp. 
U.S. Steel Corp. 
Van Waters & Rogers 
WEMCO Corp. 
Westinghouse Electric Corp. 
Worthington Pump Co. 
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1.1. ENVIRONMENTAL--CAPITAL COSTS 


1.1.1. ENVIRONMENTAL ASSESSMENTS AND ENVIRONMENTAL IMPACT STATEMENTS 


Background information, guidelines, and generalized costs are presented in this sec- 
tion to assist in estimating costs for environmental studies. Time required to col- 
lect baseline data averages 1 to 3 years; however, as much as 5 years may be needed 
to finalize an environmental impact statement (EIS) for an environmentally sensitive 
area. 


BACKGROUND INFORMATION 


Environmental laws and regulations pertaining to the mining industry are continually 
being revised at the Federal, State, county, and municipal levels. To conform with 
existing environmental regulations, mining and milling operations must apply for 
permits at various stages of development (i.e., exploration, construction, opera- 
tion, and reclamation). In most cases, before permit applications, baseline infor- 
mation about the environment prior to commencement of mining and/or milling activity 
must be gathered. This study, usually prepared by an environmental con- sulting 
firm, is paid for by the mining-milling company and then presented to ap- propriate 
government agencies for an assessment of the impact of the mining-milling activity. 
If formal reports are required, i.e., an environmental assessment (EA) and/or an 
EIS, the mining-milling company must pay the majority of the cost for these studies 
also. 


Multiple environmental studies may be required for various stages of a mine-mill 
development and operation (i.e., exploration access, mine development, etc.). Mul- 
tiple studies are typical if a company has not made an economic feasibility decision 
on the mineral deposit. Conversely, a single environmental study may be sufficient 
for mining-milling from a specific area by more than one company (i.e., phosphate 
deposits in southern Idaho, coal seams in western Montana). 


GUIDELINES 


All developing or expanding mining-milling operations will sustain environmental 
study related costs. Ownership of land affected by a mining-milling operation (in- 
cluding utility lines, access roads, surface facilities, waste dumps, etc.) is the 
primary key in determining the amount of environmental studies required to satisfy 
environmental laws and regulations. Cost of an environmental study is directly re- 
lated to the complexity and variations associated with types of investigations nec- 
essary (see the following tabulation for study types and typical costs). 


Because of site-specific variations in each investigation, the cost range for envi- 
ronmental studies deviates immensely. The following guidelines will help the esti- 
mator determine environmental study costs: 


1. For an operation less than 100 mtpd, completely on private land without an- 
ticipated impacts to adjacent lands, cost for an environmental summary suf- ficient 
for permit applications would be $25,000 to $50,000. 


2. For an operation less than 100 mtpd, completely on private land with antici- 
pated impacts to adjacent lands, use the base cost of $25,000 to $50,000 and add the 


cost of the appropriate baseline study element from the following tabulation (i-e., 
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if ground water would be impacted, add the cost from the range for a ground water 
study). 


3. Use the cost from the following tabulation for a final EA for all operations 
over 100 mtpd with an anticipated insignificant impact to the environment, 
regardless of site ownership. Use proportionately higher costs for higher tonnages 
in each cost range. 


4. For operations on private, State, municipal, and/or Federal land with an an- 
ticipated moderate environmental impact, use the appropriate cost from the 
following tabulation for a final EIS. 


5. For operations on private, State, municipal, and/or Federal land with an an- 
ticipated significant impact to the environment, the cost for environmental studies 
is typically 5 times and may be up to 10 times the cost shown in the following 
tabulation for a final EIS. (For example, a 1,000-mtpd underground mine and 
adjacent mill planning to significantly alter the local hydrology, could face 
environmental study costs of $3.0 million. Environmental study costs for a 
1,500-mtpd surface mine adjacent to a wilderness area may be in the range of $6.5 
million). 


Typical cost ranges for environmental studies, thousand dollars 


Baseline study Underground 


-2,000 -2,000 Cost modifying factors 
elements mt pd mt pd mt pd mt pd 
Surface water...| 10- 35} 20- 70 | 10- 70| 50- 175|/Hydrology (i.e., number of 
streams), 3-25 sites per opera 


tion, site sampled 3-7 times 
per year, $1,000 per analysis. 





Ground water....| 30- 80 30-160|100- 250|Hydrology, availability of sub- 
surface sample sites. 

Air’ quality.....j| 10-60 50-150|100- 325|Geography, proximity of meteoro- 
logic station. 

Geology.cccceces 2- 20 O- 50!Access to mining company data. 

BOL las ecoseeases 5-20 40- 90|Existence of potential problems 


during operation (i.e., slope 
stability), surface area. 
Vegetation...... 5-2F5 A epes 60|}Surface area, endangered species. 
WLIdLITes .aees 02 8- 15 5-"FA60 Do. 

Wisual. covers « se 2-825 60] Proximity to cities, national 
parks, scenic areas, wilderness 
areas, etc. 


Archeological... l- 5 20|If known archeological sites ex- 
ist, costs increase substantial- 
ly. 

Socioeconomic... 4-012 25|Demographic characteristics. 


Compile baseline 6- 1 None. 


2 
data. 
fompi lev EIS.s..-6 1) 15-30)" 20—-70>) 15-1001 -70-—. 300} Do. 
Final EIS... Do. 


EA Envrionmental assessment. 
EIS Environmental impact statement. 
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2.1. SURFACE MINING--CAPITAL COSTS 


2-1-1. EXPLORATION 


Exploration costs and data were partly derived from mining and exploration companies 
and contractors. However, credit is given to Mr. William Salisbury of Salisbury and 
Dietz, Spokane, WA, for his generous supply of data and overall review. 


Exploration can be defined as all the activities and evaluations performed in order 
to locate and define mineral deposits for the purpose of extraction now or in the 
future. 


Exploration covers a wide range of activities from that of a prospector searching 
for mineral outcrops to the sophisticated equipment in ground or airborne surveys 
attempting to detect hidden mineral deposits, followed by extensive sampling and 
logging of excavations or drilling programs. 


An organized exploration program consists of the four following principal stages: 


Stage 1. Regional Appraisal 

Stage 2. Detailed Reconnaissance of Favorable Areas 

Stage 3. Detailed Surface Appraisal of Target Areas 

Stage 4. Detailed Three-Dimensional Sampling and 
Preliminary Evaluation 


Costs in this section are directed to those related to exploration activity at the 
level of “project” status. The point where a company's general exploration program 
is elevated to "project" status will differ from company to company (or project), 
but in general this transition is marked by such activity as land purchase or lease, 
claim staking, geophysical and geological surveys, drilling, etc. Im any case, ex- 
ploration expenditures and efforts increase dramatically over a small unit area. 
Labor costs are the major cost component and drilling is most often the principal 
cost item for a project. Exploration costs will range widely depending on methods 
used, size of project, commodity sought, remoteness, terrain and vegetation condi- 
tions, weather, geologic complexity, etc. 


Detailed Surface Appraisal of Target Areas 


If the results of the detailed reconnaissance are favorable, they may indicate 
areas ranging in size from 3 to 130 km2 where more detailed in- vestigation is 
warranted. This stage of investigation would include all of the ground survey tech- 
niques or methods which were used in stage 2, but with more refinement, closer in- 
tervals, and greater detail. The methods or techniques used might include addition- 
al outcrop examination, geologic mapping, boulder tracking, rock and specialized 
sampling, and possibly assaying. In addition, the various ground geophysical stud- 
ies including gravity, magnetic, radiometric, seismic, resistivity, self-potential, 
and induced polarization would be made. Possibly, this stage would also warrant 
some trench excavation and drilling, plus field and laboratory tests. Unit costs 
for the various techniques or methods are given in the exploration tabulation. 
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Detailed Three-Dimensional Sampling and Preliminary Evaluation 


A detailed three-dimensional survey or sampling of a target area ranging in size 
from 1 to 25 km2 or more would be made if it appeared that an economical ore body 
existed. The sampling or survey would be made to determine boundaries or limits and 
depth, size, shape, mineralization, and grade. This stage of exploration would pro- 
bably include an extensive drilling program together with borehole logging and geo- 
logic mapping. Excavation of test trenches, shafts, and adits might also be includ- 
ed. Samples would be taken, field and laboratory tests would be conducted, and as- 
says would be made to permit econ- omic evaluations to be made. The cost of the 
stage 4 exploration could vary greatly depending on location, accessibility, ground 
cover, type of deposit, and the extent of a drilling or excavation program. Unit 
costs for various techniques or methods are given in the following tabulation. 
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Exploration 


Description Manpower Manhours/mit Unit Oost Remarks 


Geological Methods: 
Surface geological 
Mapping sosssettvtees. 2 tO 4 men 3 to 12/Am2 $75 to $275/m2 Rate of production and cost depend 
on terrain, ground cover, complexity 
of geology, detail required, and 
scale of mapping. 


Geological inference.. $275 to $760/d A qualified geologist interpret data 
shown on maps, photographs, or field 
investigations. 


Geophysical Methods: 


Gravitational survey.. 1 geophysicist 12 to 50/ $380 to $1100/ _—— Production varies from a few to 50 
2- to 3-man profile km profile kn readings per day depending on type 
survey crew of equipment. Production also de- 


pends on station spacing and ter- 
rain. Surveying is the costly phase 


of method. 
Magnetic Survey: 
Airborm@s.cssessess s.let0)3 ten $50 to $90/line High sensitivity, helicopter, 
km plus #2 to magnetic, electromagnetic, radio- 
$16/line km for activity surveys, etc., are usually 
interpretation taken concurrently from aircraft at 
400 to 800 line km/d. Production 
and cost depend on type of aircraft 
equipment, etc. 
Grouind s'..c'04s eteees'e eo) LO 10) men 4 to 6/ $160 to $180/ Production depends on precision, 
profile km line km spacing, of readings and type of 
$2.60 to $2.90/ readings, type of equipment, 
grid point weather, terrain, and mode of 


travel. 


Description Manpower 
Seismic survey: 
0- 150-m depth. ececece 2 to 7 men 
150-m depth. .....eeee- 15 to 20 mn 
Very low frequency. .eee- 2 men 
Resistivity Survey.....- 1 geophysicist 
1 to 4 asst. 


Electromagnetic Survey: 
IAETDOTNIC os celcle « vle'e's ss 6 


Ground scestesacieceecee 1 to 4 men 


EMP ec c ie stccles cocteee ae 3 men 


Exploration—Oontinued 


Manhours/unit Unit Ost Remarks 


1 to 4/depth $35 to $110/depth Portable equipment with 5 to 15 
determination determination determinations per day. 


5 to 10/depth $180 to $270/depth Vibroseis equipment with 3 to 15 
determination detemination depth determinations per day. 


$315 to $385/line Includes about $40/line km for 
kn. interpretation. 


2 to 3/depth $57 to $114/depth None. 
determination determination 


Usually taken concurrently with 
magnetic and radioactivity surveys 
from 1 aircraft at 400 line km or 
80 km2/d. 


1 to 6/line $163 to $390/ Readings taken at 25- 50-m intervals 

kn line km covering 5 to 10 km/d; dependent on 
on type of equipment, terrain, and 
mode of travel. 


$4000 /Loop Parameters: Approximately 60-m by 
$1290/Line km 120-m grid spacing; 430-m by 850-m 
$2900 /km2 loop; 10 lines, 15 stations/line; 


10.3 km2 costs include inter- 
pretation. 


Exploration—Oontinued 
Description Manpower Manhours/unit Unit Qost Remarks 
Geochemical methods: 
Stream sediment 1 man $19 to $38/Am2 Depends on sampling interval ter- 
Sampling eccseccccsiee rain, access , and mode of travel. 
Reconnaissance soil 1 mn 0.05 to 0.20/ $11 to $24/sample 50 to 200 samples/d depending on 
SaMpling..ccccccccces sample access, terrain, ground cover, and 
geologic complexity. 
Hmus sampling...... $28 to $55/sample None. 
Biological sampling. $28 to $55/sample Do. 
Water samples....... $50 to $95/sample Do. 
Test pit: 
Trenching ss cciieiccces s Depends on whether hand or equipment 
excavated. 
Barthes. <saceesteoee ale toes men 0.1 to 2.0/m3 $2 to $55/m3 
Do. 
ROC K-ereteters cleo leletcietelereiele 3 men Oez to 3.5/m3 $11 to $100 /m3 


Do. 
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Helicopter cost and comparison 


Approx Passenger Effective payload 
cost/hl | capacity2 (h.o.gee.3), kg 
Sea level 2700m 


Manufacturer 
and model 


Cruise 



























Bell-Soloy 47G3..... 


te eee OID ote v's se > 6 atare 550 
Hughes 500C.......-. 560 
Hughes 500D......e.2. 480 
SUD Allouette Lama.. 480 
BevE 2055 « s.0'oNieie chs é 210 
BAIS AUT. ss chee s » o 560 






Charter rate, includes fuel. 
2Without pilot. 

3Hovering out of ground effect. 
Varies, maximum capacity given. 


Source: Modified and updated from William G. Salisbury. 


Analytic costs 


Geochemical || | Assay | 



















Geochemical 


LURE UM o's 4s o'e 0's: LG adits ons re se $2.15 
Antimony..cecccccece Lithium. .cccccsece NAp 
ATA OU, Cisse inas wi ereteies Magnesium....ceeee 3.30 
Barium. .ccccccccce ManganeSe@.ceeceeece enn Bd 
Beryllium. ..ccccee METCULYcccccccccce 4.22 
Blsmuthencosesccce Molybdenum........- 2-43 
CaGmiumsscsccsccecs Nickeleccecccsccses oslo 
Chrom1um . oo .0 0000 Platinum. sciscescss NAp 
CODALC es ccccccsees Potassium...cceoce NAp 
COPPe re ccccccccces SLLICacccccccesece NAp 
Copper oxide...... Silverecccccccvcce 2.81 
Fluorine.ccccccoce Tungsten. cccccccce 5-72 
Gold and silver... LLCs soc oe 6 os 46 sia6 fap ie) 


SOM she te.6 otal e! 6) sreleretats 
NAp Not applicable. 


NOTE.--Sample preparation costs are assay--$1.85 and geochemical--$1.15. Semi- 
quantitative spectrographic analysis for 30 to 40 elements is $23.32. 
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Drill capacities (maximm, under ideal conditions) 






- HOLE LENGTH, METERS (feet) — 






Drill Model 















































































A NAp NAp 900 (3000) 600 (2000) NAp 4000 (1800) 
Longyear 24....- 270 (890) | 220 (720) NAp NAp NAp 1075 (490) 
Longyear 34...... NAp 520 (1700)! | 430 (1400)! 340 (1100)! 200 (700)! 3300 (1500) 
Longyear 38...... NAp 940 (3100)! 700 (2400)! | 580 (1900)! | 370 (1200)! | 3300 (1500) 
Longyear 4h...... NAp 1500 (5000)! | 1200 (3940)! | 936 (3070)! | 716 (2350)! | 5100 (2300) 
Diamond Drill DDC NAp 550 (1800) 500 (1650) 300 (1000) NAp 1900 (860) 
CP 670 Rotary.... NAp NAp NAp NAp +3002 (+1000)2 

Helicopter 
transportable: 
Hydraulic Winkie.. 3003 (1000)3 | 2404 (800)4 | 44-309 (100)> | NAp 550 (250) 
Diameck 251....0.. 370 (1200) NAp NAp NAp 2500 (1100) 
Acker Mark III.... 520 (1700)! | 430 (1400)! 340 (1100)! | NAp 2600 (1200) 
eee 550 (1800) 495 (1625) 380 (1250) 340 (1100) 2860 (1300) 
A NAp AD AD 7602 (2500)2 





NAp Not applicable. 
Series wire line. 
2Rated capacity. 


NOTE: Figures are maximum capacities under ideal conditions. 
Source: Data from William G. Salisbury, Salisbury & Dietz Inc., as collected from literature and as provided 
by contractors, May 1980. 
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DRILLING 
CORE DRILLING 
Core drilling varies from nonexistent to extensive, depending on many unknown fac- 
tors. Core drilling is performed on centers varying from 30- to.245 m and to vary- 
ing depths. The following tabulation gives the average range of costs for core dia- 


meter and depth of hole for drilling medium hard rocks. Costs could be higher or 
lower depending on hardness, location, access, and weather conditions. 


Drilling cost, dollars per meter 












Drilling depth range, m 


250-300 300-450 





Size 450-600 











Boe. NAp 
NCA, eas $100 
Neo. 90 
in} Ch ge 85 
Patch. 2 80 


keetel steno os 
NAp Not Epilieables 
Primarily surface exploration core sizes. 





Subcontractor Factor If drilling is accomplished by a drilling subcontractor, 
multiply cost by 1.10 to compensate for subcontractor's markup. 


ROTARY DRILLING 


Conventional scenes sels vices 6 o ahs $125-$185/h; $7-$36/m. 
Reverse Circulation. cece ces «ce $125-$185/h; $11-$39/m. 
Mobilization-demobilization... $1,500-$2,500 and $1.90-$2.20/km. 


PERCUSSION DRILLING 


Downhote hammer. <cceccscsccces $40-$59/m. 
Mobilization-demobilization... $1,500-$2,500 and $1.90-$2.20/km. 


CAUTION: Drilling costs are impacted significantly by demand. Costs correlate 
poorly with industrial inflation factors. Base costs here are representative of 
January 1984 costs, a time of low drilling demand and very depressed prices for 
drilling contractors. 
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Contract downhole logging costs--survey changes 


) CvabipieCOst per=-— eid 
| Day Week | Month _ 







Plus cost 
per meter 

















Portable gamma ray rental......ccccccccecccecs 
Truck gamma ray surface profile resistivity: 


Die aah rows ta a oi ete late: GE tera Ia loss GAS OR Na ne $0.69 
Wee kiliyiekivis sists <tevalelors oleic ele,>, 6 siete leretets ove elelle sleterenats 0.36 
Mont hly‘.icrc cic stenetinsvere elle Sia eS CSS « SiGe colle nateets 0.36 
DETneCELONa LiSULVE Vaso. « one 6 ele Sle leitelels ois «alee Sielaletene 0.15 







Month minimum. 


Loss of equipment charge--Contractee is charged for replacement value of 
equipment lost. Probes may cost $3,200 and cable may cost $2.30/m. 


Mobilization-demobilization charge - $50/d/person; $0.90/mile over 100 mile/d 
mobilization. 


GAS--MILEAGE: 


Assume on average, 80 mi/d for 18 days going to field project. 
Total miles = 1,440 miles. 

Assume 300 miles are driven each way going to and from project. 
Total miles = 600 miles. 


1,440 miles + 600 miles = 2,040 miles 
(2,040)($0.10/mi) = $204/month 


Assume: 20 working d/month, 10 days off/month (8 days rest and 2 days 
off, holiday, weather, project supervisor discussions). 


LABOR: 
Annual salary equivalent Sampling program 
(overhead ) work schedule 
SUDELVILSOX er aisicteo see crete $36,000 (35%) 4 d/month 
(includes travel, 
supervisory, and 
interpretation. ) 
Full-time geologist...... 26,000 (35%) Full-time 
(20 d/month). 
Part-time sampler........ 13,000 (Ci5oz) Full-time 
(20 d/month). 
Annual cost plus $/sampling 
salary overhead Per month project month 
PSP TVi GON yy ea secure ieee $48,600 $4,050 $ 810 
1 full-time geologist.... 307,100 Zo 2) 25985 
1 part-time sampler...... 20,700 1,725 in728 


Pay total for month..... : $5,460 


Sh, 


TRAVEL: 
A. Per diem: Per diem Days on Total 

rate per diem per diem 
Supervisoreess +. en's $50 15 $2137.50 
Full-time geologist. 50 19.0 950.00 
Part-time sampler... 50 19.0 950.00 
2,037.50 

Per diem total for 
month. 2,038.00 


B. Vehicle Cost: 


Assume on average 300 miles to project area and 
80 miles driven to and from point of lodging. 


1. Geologist and Sampler 


Vehicle is 4 x 4 Ford Bronco, lease rate is $1,200 month, mileage free. 
Assume vehicle uses unleaded gas costing $1.10/gal at a rate averaging 12 
mi/gal. 


$1.10/12 = 9.2¢/mi + 0.8¢/mi oil and lube = 10¢/mi 


ae Gas cost 
1. Miles to and from project area: 
300 mi/trip x 2 trips/work period x 2 trips/month 
= 1,200 mi/month. 


2. Miles to and from field lodging to project: 
17 one-way trips x 40 miles x 2 work periods 


= 1,360 mi/month. 


Total cost = (1,200 miles + 1,360 miles) (10¢/mi) = 
$256 /month. 


b. Four-wheel drive rental-lease - $1,200/month, unlimited 
mileage, Ford Bronco. 


2. Supervisor 


Assume supervisor makes one trip per month to project area. Day of travel 
each way. 


Assume vehicle cost of supervisor is 25d¢/mi. 
Monthly gas cost: 300 miles x 2 (one-way trips from main office) 
600 
40 miles x 2 (motel to project) = 00 
680 miles 


$170/month. 


680 miles x 25¢/mi 
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3. Total Monthly Transportation Cost 


booed. x G4 vehicleteastcost....cueue $256 
2. 4x 4 vehicle lease cost....... 1,200 
3. Supervisor vehicle-gas cost.... 170 

1,626 


SAMPLING SCHEDULE: 


20 d/month work schedule 
3 d/month travel (1.5 days spent on travel each 10-day work period) 
2  d/month laying out "zero" base lines 
0.5 d/month sample handling 


eee 


5.5 days of nonsampling 
20 days less 5.5 days of nonsampling = 14.5 days of sampling per month. 
Sample rate (from Amselco, Inc., Montana) 
lL; 30° to 40° slope, average open conditions, 100-ft spacing, 2 
persons with Brunton and tape working from previously from Amselco, 


surveyed base line. Equals 65 samples/d. 


Total samples/month = 65 samples/d x 14.5 days = 942.5 
samples/month. 


2 Flat and few obstructions, 100-ft sample intervals, estimated 100 
samples/8-h day. 


Total samples/month = 100 samples/d x 14.5 days = 1,450 samples/d. 
Sic Thick underbrush, e.g., blackberries, vine maple, possible swamp. 
- add extra 2 d/month for base line. 
- estimate 25 to 50 samples/d, based on sampling interval 
(100-, 50-, 25-ft). 
- will use 38 samples/d. 
(38 samples/d)(14.5 days - 2 days) = 475 samples/month. 
MISCELLANEOUS FIELD EQUIPMENT COSTS: 
Sample Cost: 
Assume 70¢/sample. Includes sample bag, label, area map, flagging- 
marking, and postage. Others would include field clothing and equipment. 
Sample Preparation and Drying Prior to Assay (from Amselco, going rate): 
Preparation.. $0.80 


Diy ities ee suse On25 
TOC dies eo te LoS 
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Total Sample Cost for Miscellaneous Field Equipment and Sample Preparation: 
$0.70 
1.05 
75 
COST SUMMARY: 


Labor (monthly) 


SALEry sia sek. st 520 SOR o6 
Pera LEMmenwEis ne 22038 
Transportation... 1,626 

TOCA oft.0 ce cette tere 97050 











Total cost 






Condition 
Good, 1,450 samples per month......... 
Average, 943 samples per month........ 
Poor, 4/2 samples per Month... .c.s%ss ss « 


Cost per | Field equipment and 
sample! sample preparation 


lpased on a $9,050 labor cost per month. 


The above costs assume a relatively large long-term sampling program as opposed 
to a short 1-, 2-, 3-, or so, day sampling program. Per sample cost for the 
latter case could be substantially larger. 


The initial sampling costs were provided to an exploration contractor who is 
accustomed to doing this type of work. The contractor felt the initial samp- 
ling costs were low by $2.00 to $3.00 across the board. The explanation may be 
that additional in-office expenses are incurred such as planning, programming, 
plotting, map drafting, analytic plotting, etc. 


As a result, the initial per sample costs are increased to $2.50 and the totals 
are rounded to the nearest higher dollar. 


Sampling costs 


Sample 
rate 


Condition Total cost 




















Field equipment and 
sample preparation 





Good, 1,450 samples per month......... 
Average, 943 samples per month........ 
Poor, 475 samples per month.....sceccse 


lRounded. 
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2-2. SURFACE MINING--CAPITAL COSTS 
2.2.1. PREPRODUCTION DEVELOPMENT 


2.2.1.1. CLEARING 


The curve for clearing during preproduction development is based on estimated costs 
for medium-light growth on terrain with a side slope of 20% to 50%. Estimate one 
tree, 0.33 m in diameter, per 40 m2, 


The total cost per hectare is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a clearing area (X), in total hectares. The 
curves are valid for operations between 1 and 1,000 ha (from 500 to 1,000 ha, the 
costs are expected to remain constant), operating one shift per day. This cost is 
multiplied by the total hectares cleared to obtain the capital cost. The curves 
include all daily operating and maintenance costs associated with clearing a land 
surface for further development. 


BASE CURVE 


(L) Labor Operating Cost (Yz) = 2,171.220(x)—0-120 
The operating labor costs are distributed as follows: 


Direct a DOT Ge ele a lelesta eve eretetens 84% 
Maintenance labor...cccceccs 16% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 


DOZEr Operators .< ce esicle cle cisle 21% $16.33 
Truck ArTAVeET Wile ctetelelete ciete crche 6% 15.89 
General TabDOrer. cies cele 7 3% 13.66 


The average wage for labor is $14.58 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yea= 269.796 (X) 70+ 0303 
For clearing operations from 1 to 500 ha, the supply cost consists of 78% fuel 
oil (for burning wood and scrub) and 22% tools, cables, and chokers. For oper- 
ations of 500 to 1,000 ha, the supply cost consists of 83% fuel oil and 174% 
tools, cables, and chokers. 


(E) Equipment Operating Cost CY Jian 667.618 (x)—0- 0672 


Equipment operating costs consist of 87% for crawler dozers and 13% for trucks, 
pickups, and chainsaws. 


The general equipment cost component distribution is 
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Repair parts Fuel and lube Tires 
Crawler .dozersecosedcccecse 51% 49% - 
Trucks, pickups, 
And) CHAINSAWS ss wie ss sie c'e 6.6 14% 804% 6% 


ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factor: 


Brush factor (Yg riepr) = 0-25 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 


Brush factor (Yp prengp) = 1-75 


Side Slope Factor For clearing on terrain with side slopes other than 20% to 504 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 0% to 202, 
Side slope factor (Yg gz-29%) = 0-8 
For clearing on terrain with side slopes of 50% to 1004, 
Side slope factor (Yg 59%-190%) = 1-2 
For clearing on terrain with side slopes greater than 1004, 
Side slope factor (Yg 4199z%) = 2-5 
Burning Factor When the burning of cleared brush and trees is prohibited due to 
environmental regulations, the brush and trees will have to be stacked or 
buried. If burning is prohibited, multiply the costs obtained from the curves 
by the following factors: 
Labor factor Cir eae 
Supply factor GP) 20.2 
Equipment operation factor (Fg) = 1.2 
Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the fol- 
lowing applicable factor in order to obtain the total value of equipment ex- 


pense for ownership and operation: 


Shifts per dayecccccccccces 1 it oe 3 
Hei Odietelaverstete eibiatela sielsic sielate.e 1 fe: iLSSye 1A Se 
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Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup. 


Labor factor Cy )ee ole 
Supply factor GEada bez 


Equipment operation factor Sl ded yd 


COST, dollars per hectare 
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2.2. SURFACE MINING--CAPITAL COSTS 
2-2-1. PREPRODUCTION DEVELOPMENT 


2.2.1.3. DRILL AND BLAST OVERBURDEN AND WASTE 


The curves have been developed in two parts. For mines excavating from 100 to 
8,000 mt of overburden and waste per day, the curves reflect costs for drilling 
6-m-high benches with crawler-type percussion drills. Spacing of 2.5-in (6.35-cm) 
holes is on a pattern of 1.5 by 2 m to a depth of 7 m. The powder factor is 0.30 
kg/mt. 


For mines excavating from 8,000 to 300,000 mt of overburden and waste per day, 
drilling is performed with rotary drills having a down pressure of from 13,600 to 
56,700 kg. The powder factor varies from 0.11 to 0.20 kg/mt waste with an average 
of 0.14 kg/mt waste. Holes drilled average 12.25-in (31.12-cm) diameter from a 
range of 6- to 13.75-in (15.24-34.93-cm) diameter. Costs are based on drilling 
hard rocks with an average compressive strength (2,100 kg/cm2). Bench heights 

are 12 to 18 m averaging 15 meters. Drilling patterns and overdrilling vary with a 
range of 100 to 300 mt of blasted material per linear meter of drill hole. Secon- 
dary drilling and blasting vary from 04 to 104 of blasted material. 


The total cost per metric ton is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a production rate (X), in metric tons of 
overburden and waste blasted per day. The curves are valid for operations between 
100 and 300,000 mtpd, operating three shifts per day. This cost is multiplied by 
the total metric tons of material blasted for development to obtain the capital 
cost. The curves include all daily operating and maintenance costs associated with 
drill and blast. 


BASE CURVE 


(L) Labor Operating Cost (percussion drill) (Yq, pgrcyssron) = 1-747(x)70-091 
The operating labor costs are distributed as follows: 


Direct VADOT 6 ele chess clots teteieXenene 764 
Maintenance labor..cccccecce 24% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to (3,000 to per hour 

3,000 mtpd) 8,000 mtpd) (base rate) 
Dripiing) Crews ce ciclere ste tetstsie 704 8 3% $15.22 
Blastine \CEGW >» sisicieletsletstaisiets 302% 17% 14.79 


The average wage for labor is $15.41 per worker-hour (including burden and 
average shift differential). 
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(L) Labor Operating Cost (rotary drill) (Yq, Roary) = 0-0417(x)9-9353 


(S) 


(S) 


(E) 


The operating labor costs are distributed as follows: 


Direct a DORs a teveleletcteteretele tere 6 43% 
Mazncenance! LA bO reese his sc 57k 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 
Rotary and secondary 
dvi dling crews.» se Gemets 67% $15.24 
Blasting CreWeeccccccccccec 33% 15.00 


The average wage for labor is $15.45 per worker-hour (including burden and 
average shift differential). 


Supply Operating Cost (percussion drill)  (Yg prrcussron) = 30-278(X)~0+496 
The supply costs include drill bits and steel-related items and blasting sup- 
plies in the following cost proportions: 


Small Large 
(100 to (3,000 to 
3,000 mtpd) 8,000 mtpd) 
Drill bits and 
steel-related items....... 10% 25% 
Blasting supplies......e..- 90% 75h 


Supply Operating Cost (rotary drill) (Ys RoTaRY) = 0.147 (x)—0- 0160 
The supply costs for both curves include drill bits and steel-related items and 
blasting supplies in the following cost proportions: 


Small Large 
(8,000 to (100,000 to 
100,000 mtpd) 300,000 mtpd) 
Drill bits and 
steel-related items....... 264 164 
Blasting supplies’... .'s sess s 742 84% 


Equipment Operating Cost (percussion drill) (Yk PERCUSSION) = 1.771(x)-0-182 
The equipment operating cost includes power for the drills, fuel and lubrica- 

tion for trucks and drill compressors, repair parts for drills and supporting 

equipment, and tire costs for supporting equipment. 


The equipment operating costs for percussion drill and blast are 86% for dril- 
ling equipment and 14% for trucks. 


The general equipment cost component distribution is 


Repair parts Fuel and lube Tires 
Percussion drillS.cccescece 58% 42% = 
PLELIC ICS westetetcle ure sielelecoletete ccete/e.s 8% 87% 52 
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(E) Equipment Operating Cost (rotary drill ) (Yr ROTARY) = 0.0294 (x)0-0567 


The equipment operating cost includes power for the drills, fuel and lubrica- 
tion for trucks and drill compressors, repair parts for drills and supporting 
equipment, and tire costs for supporting equipment. 


The equipment operating costs for rotary drill and blast are 95% for drilling 
equipment and 54 for trucks. 


The general equipment cost component distribution is 





Repair parts Fuel and lube Tires Power 
Rotary Grille. <cswetocecve 79% 104 =i it kA 
TRUCKS ec 01s 0 6 0 60 0s etsrs 6 6/6 6 6'0 112% 80% 9% = 


ADJUSTMENT FACTORS 


Drill-and-Blast Factor (D & B factor) The curves indicate average costs for a wide 
range of materials, as can be noted above by drill sizes, bit sizes, powder 
factors, and drill pattern. To determine drilling and blasting costs, consid- 
eration must be given to material hardness, abrasiveness, natural fractures and 
jointing, and maximum-size fragments that can be loaded, hauled, and processed. 
Where the above conditions are favorable, multiply the costs obtained from the 
curves by the following factor: 


D & B factor (Fp coop) = 0.60 


Where the above conditions are unfavorable, multiply the costs by the following 
factor: 


| D& B factor (Fp sryrgre) = 2-00 
Equipment Factor Where it is necessary to purchase equipment or have a subcon- 
tractor perform the work, multiply the cost obtained from the equipment opera- 
tion curve by the following applicable factor in order to obtain the total 


value of equipment expense for ownership and operation: 


Crawler-type percussion drills: 


Shifts per) day.s «0c 0s» o6 6 1 Z 3 

FACtTOL s cic cic eters a cleletele tc eters Leow 1.61 Le54 
Rotary drills: 

Shifts per daye.wsescccee 1 2 3 

FACCOL es cle cece cc clacictecies 1.63 Vea7 v4? 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup. 


Labor factor CF y=. aod 
Supply factor (Fs) = 1.20 


Equipment operation factor CF e= nl .26 


COST, dollars per metric ton 





Surface Mining—Capital Costs 


Rotary Drill 


0.0353 
Y= 0.0417(X) 


Y= 0.147(X) 


Ye= 0.0294(x) °°? 


|| | 8.000 <xX< 300,000 


—0.091 
1.747(X) 


—0.496 
30.278(X) 


—0.182 
1.771(X) 


100 <X< 8,000 
1,000 10,000 100,000 1,000,000 
OVERBURDEN AND WASTE, metric tons per day 


2.2.1.3. Drill and blast 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.1. PREPRODUCTION DEVELOPMENT 


2.2.1.4.1. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
BUCKET WHEEL EXCAVATION 


The total capital cost per metric ton is the sum of the three separate cost curves 
(labor, supplies and equipment operation) having a production rate (X), in metric 
tons of overburden and waste moved per day. The curves are valid for operations 
between 2,200 and 125,000 mtpd, operating three shifts per day. The cost is multi- 
plied by the total tons of material mined during development to obtain the capital 
cost. The costs include only the operation of the bucket wheel excavator. 


BASE CURVES 


The base curve is predicated on excavating overburden or waste material. The daily 
output of an excavator is based on the operating time and output efficiency of the 
machine. The base curve assumes an operating time of 504 and an output efficiency 
of 46%. The operating time is the percent of 24 h that a machine operates each 
day. The output efficiency is the percent of theoretical capacity that a machine 
delivers for a particular overburden. 


(L) Labor Operating Cost (Yz) = 7.414(x)09-556 
The operating labor costs are distributed as follows: 


Direct labors s steterstetele cterere tele 654 
Maintenance labor..cccccecee 35% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Bucket wheel operator...... 464% $16.78 
Bucket wheel helper........ 2% 13.66 
Bucket wheel laborer....... 164 11.68 


The average wage for labor is $15.58 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost Yo = 0.058(x)0-859 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost Ypf = 0.212 (x)9-681 
The equipment operating cost consists of 100% for repair parts and materials. 


ADJUSTMENT FACTORS 
Shift Adjustment The curve is based on a three-shift-per-day operation. 


Typically, bucket wheel excavators are run continuously. For a one- or 
two-shift operation, decrease the operating costs proportionately. 


Operating Time Factor The base case assumes a 50% operating time. Bucket wheel 
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excavators do not have high availabilities. The range of expected operating 
time is 41% to 60%. To adjust for different operating times, multiply the 
labor cost obtained from the curve by the following factor: 


Labor factor (Fr) = [50/(T)]9-554 
where T = new percent operating time. 


The equipment operation cost curve and supplies cost curves are not modified. 


Output Efficiency Factor The output efficiency is the ratio of the actual produc- 
tion to the theoretical capacity of the bucket wheel excavator. The theoret- 
ical capacity is based on the number of bucket discharges per minute and the 
bucket size. The theoretical capacity is normally expressed in loose cubic 
meters per hour. The factors that determine the output efficiency are the dif- 
ficulty of digging (required cutting force), the percentage of clay or compact 
material in the bank and site-specific details such as climatology. The range 
of output efficiencies is from 44% to 854. To adjust for a different output 
efficiency, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = [46/(E)]9+955 
Supply factor (Fg) = [46/(E) ] 9-858 


Equipment operation factor (Fp) = [46/(E) ]9- 680 
where E = new percent output efficiency. 
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COST, dollars per metric ton 
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2-2. SURFACE MINING--CAPITAL COSTS 
2-2-1. PREPRODUCTION DEVELOPMENT 


2.2.1.4.2. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
DRAGLINE 


The curve for draglines covers the cost per metric ton for excavating and casting a 
medium-digging overburden and waste material from a dry pit into a spoil pile. The 
material is assumed to weigh 2 mt/m~ for crawler (diesel-powered) draglines and 

1.5 mt/m> for walking (electric-powered) draglines. 


Crawler draglines range in size from 2- to 20-yd3 capacity; walking draglines, 
from 16- to 50-yd~ capacity. One dozer is provided for each dragline operation 
for cleanup and support. 


The total capital cost per metric ton for crawler draglines is the sum of two sep- 
arate cost curves (labor and equipment operation) and for walking draglines, the 

sum of three separate cost curves (labor, supplies, and equipment operation) having 
a production rate (X), in metric tons overburden and waste per day. The curve for 
crawler draglines is valid for a production range of 2,000 to 15,000 mtpd, operating 
one shift per day; for walking draglines, the curves are valid for a production 
range of 15,000 to 150,000 mtpd, operating three shifts per day. This cost is 
multiplied by the total metric tons of material mined during development to obtain 
the capital cost. The curves include all costs for operating and maintenance costs 
associated with dragline excavation. 


BASE CURVE 


(L) Labor Operating Cost (crawler dragline)  (Yyz, cRawLER) = 43.884 (X)—0-637 
The operating labor costs are distributed as follows: 


Small Large 
(2,000 to (10,000 to 
10,000 mtpd) 15,000 mtpd) 
Direct labors M cheaters v.stele' <0 59% 56% 
Maintenance labor. 06W.s «cee. 41% 44% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(2,000 to ~ (10,000 to per hour 
10,000 mtpd) 15,000 mtpd) (base rate) 
Dragline operator. .cccccocs 41% 26% 18.11 
OPT ERE ee cee ce buiele vic esac 24% 22% 15.89 
DOZEr OPETAtOTre. ceccccccccce 25% 23% 16.33 
Utility operator. cscccccces 104% 29% 13.66 


The average wage for crawler dragline labor is $16.13 per worker-hour (includ- 
ing burden and average shift differential). 


(L) Labor Operating Cost (walking dragline) (Yyz, warkInc) = 12.249 (x)~0+458 
The operating labor costs are distributed as follows: 
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Direct Va DOTerete clacatelelsiolc se eters 62% 
Maintenance laboreeececcece 38% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Dragline operator. .ccocceee 304% $18.11 
Oller scree apace c scieaslelere s.0:6 26% 15.89 
Dozer OperatoOrecoeccccccere 27% 16.33 
Utility operator. ecceccccece 17% 13.66 


The average wage for walking dragline labor is $16.46 per worker-hour (includ- 
ing burden and average shift differential). 


(S) Supply Operating Cost (walking dragline) (Ys warKING) = 0.0395 (x) 9-003 
The supply cost consists of 1004 electric power. 


(E) Equipment Operating Cost (crawler dragline) (Yp CRAWLER) = 2+218(x)70+312 
Equipment operating cost distribution for a crawler dragline operation is 
Dragline..cccoccccvccccccececs 704 


Crawler tractoOrSececccccece 25% 
Pickup EYUCIES sc slaleleic aco ee ere 5% 


(E) Equipment Operating Cost (walking dragline) (YR warKInG) = 0-533(x)~0+166 
Equipment operating cost distribution for a walking dragline operation is 
Dragline..cccccccccccvcccce 664 
Crawler tractorS.ccocccvece 31% 


Pick-up CLUCKS ce ccccccccsoce 3% 


The general equipment operating cost component distribution for crawler and 
walking draglines and support equipment is 


Repair parts Fuel and lube Tires 
Walking draglines.....ce.eee 942 6% ~ 
Crawler draglines....cecccee 654 35% - 
Crawler dozerS.cccocsscocce 49% 51% - 
Rubber-tired support....... 8% 902 2% 


ADJUSTMENT FACTOR 


Truck Loading To determine the cost of a crawler dragline operation loading to 
trucks, use the values obtained from the curve for electric shovels and trucks. 
Adjust the values by increasing each curve component 254 and combine the equip- 
ment operation and supplies curves to account for substitution of diesel fuel 
for electric power. (NOTE.--Supplies values for the electric shovels and 
trucks curve include only electric power.) 
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2.2. SURFACE MINING - CAPITAL COSTS 
2.2.1. PREPRODUCTION DEVELOPMENT 


2.2.1.4.3. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
ELECTRIC SHOVEL AND TRUCKS 


The curves show the cost per metric ton for excavating, loading, and hauling both 
common and shot rock. For common earth excavation, 1 bank m” equals 2.08 mt; for 
shot rock, 1 bank m3 equals 2.61 mt. 


The loading units are electric shovels and diesel front-end loaders ranging in size 
from 5 to 30 yd?, with an average of 15 yd. Rear dump trucks from 35 to 170 st 
are the main hauling units, with the average size of all trucks at 100 st. The ra- 
tio of trucks to loading units averages 6 to l. The curves reflect an average haul 
of 2,000 m one way on an 8% grade from a pit 120 m deep on wide, well maintained 
roads. 


The total capital cost per metric ton is the sum of two separate cost curves (labor 
and equipment operation) having a production rate (X), in metric tons overburden and 
waste per day. The curves are valid for operations between 8,000 and 300,000 mtpd, 
operating three shifts per day. This cost is multiplied by the total metric tons 

of material mined during development to obtain the capital cost. The curves in- 
clude all daily operating and maintenance costs associated with load and haul. 


BASE CURVE 


(L) Labor Operating Cost San. = 2.694(x)—9-210 


The operating labor costs are distributed as follows: 


Small Large 
(8,000 to (50,000 to 
50,000 mtpd) 300,000 mtpd) 
Directo labors. s xte este sete eet 61% BECy 5 
Maintenarice labor... .. sss es 39% 47% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(8,000 to (50,000 to per hour 
50,000 mtpd) 300,000 mtpd) (base rate) 
Shovel! operaborenes’: ss oes 14% 8% $18.11 
OUT O rievetecsteie ec lee «ss abort. 6% 4h, - 15,69 
DOZ@r OpCLaLOr ae ce avicie ere rersts 172% 23% 16.33 
Gradermoperator. wes es ce 5% 7h 16253 
Front-end loader operator.. 3% 1% T6.30 
TLUCKT ALL VEL s 5 sec cle ctermetitsrere 52% 577 Toco 
General laborer... oy cs scsse sc 3% - 13.66 


The average wage for labor is $16.54 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.188(x)~9**20 
The supply cost consists of 100% electric power. 


my 


(E) Equipment Operating Cost (YR) = 1.850(x)~9-133 


The equipment operating cost covers the daily operating cost for all excava- 


tion, loading, and hauling equipment and includes allowances for repair parts, 
tires, lubrication, and fuel consumption. 


Equipment operating cost distribution for an electric shovel and truck opera- 


tion is 

Showeil sats tirere oletelelcte: stoteuetelotets 1h 
Rear—dump truckS.ccccecccee 70% 
Crawler dOZ@YS sic « sisi seisne ee 12% 


Rubber-tired SUPPOTCeceececee 11% 


The general equipment operating cost component distribution is 


Repair parts Fuel and lube Tires 
Shovels)? electric. cecal cele 96% 47 - 
Rear—dump truckS...cccccece 25% 482 27% 
CrawlertdoZera’ sss'es sis ec'eles 504 504 = 
Rubber-tired support....... 354 47% 18% 


ADJUSTMENT FACTORS 


Haulage Factor To determine costs for hauls of varying length or depth of pit, mul- 
tiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.117(R)9-030(1)0-263 


Equipment operation factor (Fg) = 0.055(R)9+047(1)0-353 

where R = depth of pit, in meters (R = 1.0 for negative or 0% grade from 
loading point), 

length of haul, in meters. 


and L 
Equipment Factor Where it is necessary to purchase equipment or have a subcon- 
tractor perform the work, multiply the costs obtained from the equipment opera- 
tion curve by the following applicable factor in order to obtain the total 
value of equipment expense for ownership and operation: 


Shifts per GAYis wists <0 0p 0.0h0 m0 1 2 3 
IBAICIEO Toeleloteleleletsicle icles cieveiseieleie ic 1.89 1.67 1.60 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup. 


Labor factor CE ve sel 350 
Supply factor (Fg) = 1.20 


Equipment operation factor (Pe7=01520 
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COST, dollars per metric ton 
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ait) 
2.2. SURFACE MINING--CAPITAL COSTS 
2-2-1. PREPRODUCTION DEVELOPMENT 


2.2-1.4.4. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
FRONT-END LOADER OR DIESEL SHOVEL AND TRUCKS 


The curve shows the cost per metric ton for loading and hauling both common and shot 
rock. For common earth excavation, 1 bank m3 equals 2.08 mt; for shot rock, 1 
bank m3 equals 2.61 mt. 


The curve is based on mines using front-end loaders or diesel shovels for loading 
and trucks for haulage. The loaders and shovels range in size from 1 to 6 yd3, 

and the trucks range from 10 to 35 st. The curves reflect an average haul of 750 m 
one way on an 84 grade from a pit 60 m deep. 


The total capital cost per metric ton is the sum of two separate cost curves (labor 
and equipment operation) having a production rate (X), in metric tons overburden and 
waste per day. The curves are valid for operations between 1,000 and 10,000 mtpd, 
operating two shifts per day. This cost is multiplied by the total metric tons of 
material mined during development to obtain the capital cost. The curves include 
all daily operating and maintenance costs associated with excavation, loading, and 
haulage. 


BASE CURVE 


(L) Labor Operating Cost (Yy,) = 37.003(x)70-471 
The operating labor costs are distributed as follows: 


Direct LADO Sheree eutectic celens 70% 
Maintenance labore. .sseeces « 30% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(1,000 to (3,000 to per hour 

3,000 mtpd) 10,000 mtpd) (base rate) 
Loader-shovel CrewWeeseseces 30% 21% $16.24 
Truck haulage crew....eeeoe 46% 37% 15.89 
Dozer OperatOreccesccccrecs 24% 17% 16.33 
Rubber-tired support crew.. - 25% 16.11 


The average wage for labor for operations less than 3,000 mtpd is $16.20 per 
worker-hour (including burden and average shift differential). 


The average wage for labor for operations greater than 3,000 mtpd is $16.42 per 
worker-hour (including burden and average shift differential). 


(E) Equipment Operating Cost (Yg) = 24.620(X)~9+424 


The equipment operating cost distribution for loader/diesel shovel and truck 
operation is 
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Loader-Shovel.ccccccvcccece 18.14% 
Rear-dump ELUCKs oclesicie sss cls 42.8% 
Crawler dozer. ceccccccccecs 23.22 


Rubber-tired support..c.eces 15.9% 


The general equipment cost component distribution applies to the following 
equipment: 


Repair parts Fuel and lube Tires 
SHOVEL RO LEGE |. cis oe e666 6 006 69.64 30.42 - 
Frontend loader. «sc ccccses 32.54% 44.2% 2 ae 
Rear—dump truck.ecccccccccce 28.1% 51.64 20.34 
Crawler dOZeGrticic cc clec tices es 50.64 49.4% = 
Rubber-tired support....... 28.5% 62.7% 8.8% 


ADJUSTMENT FACTORS 


Haulage Factor To determine costs for hauls of varying haul length or depth of pit, 
multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.155(R)0-030(1)0-263 


Equipment operation factor (FR) = 0.080(R)9+947(1)0-353 
where R = depth of pit, in meters (R = 1.0 for negative or 04 grade from 


loading point), 
length of haul, in meters. 


and i; 


Equipment Factor Where it is necessary to purchase equipment or have a subcon- 
tractor perform the work, multiply the cost obtained from the equipment opera- 
tion curve by the following applicable factor in order to obtain the total 
value of equipment expense for ownership and operation: : 


Shifts per day..cceose 1 2 3 
FACEO Wels c cielelorcrecteteleveiels 1.84 1.63 1.56 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup. 


Labor factor CF ae 1.50 


Equipment operation factor (Fr) = 1.20 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.1. PREPRODUCTION DEVELOPMENT 


2.2.1.4.5. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
HYDRAULIC MINING 


The operating costs for hydraulic mining are given on a metric ton per day of waste 
slurried. The costs include the operation of the monitors and high-pressure water 
pumps. Not included in the estimates is the cost for pumping the slurry. The 
total capital cost per metric ton is the sum of the three separate cost curves 
(labor, supplies, and equipment operation) having a production rate (X), in metric 
tons of material slurried per day. The curves are valid for operations between 
9,500 and 58,000 mtpd, operating three shifts per day. This cost is multiplied by 
the total metric tons of material mined during development to obtain the capital 
cost. 


BASE CURVES 


The base curve is for the hydraulic mining of phosphate matrix. The matrix is ex- 
cavated by draglines and deposited in "pits," where hydraulic mining occurs. The 
hydraulic monitors (also called guns, giants, or water cannons) break down the ma- 
trix for pumping to the processing plant. The monitors are mounted on a pit gun 
car, which advances with the dragline. The base case assumes an 854 operating time 
and a water ratio of 0.67 mt of slurried ore per metric ton of water used. 


(L) Labor Operating Cost pes 0.406(x)0-771 
The operating labor costs are distributed as follows: 


Direct Labor rid xeon. c 83% 
Maintenance labor.ececccvce 174 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 
Monitorvoperator. . .leices ss 59% $16.78 
Monitor helper. csceccccccne 33% 13.66 
La bove racwtercte.c cette ete crete cers 8% 11.68 


The average wage for labor is $15.65 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.883(x)0+685 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost OGD) 0.019 (x)9- 748 
The equipment operation curve consists of monitor repair parts and materials. 
The repair costs are divided 30% for water pumps and 70% for the monitor 
systems (hydraulic pumps, controls and monitors). 





63 
ADJUSTMENT FACTORS 


Water Ratio Factor Each deposit to be hydraulically mined will require different 
quantities of water, and therefore, different sizes or numbers of monitors. 
The more competent (tougher) the deposit, the more water that will be required. 
The measure of difficulty in slurrying the deposit is the mass ratio of ore ex- 
cavated to water used. To adjust the base curves for different water require- 
ments, multiply the costs obtained from the curves by the following factors: 


Labor tfacton” WCFp)'°= [0.67/(R)]9+050 
Supply factor (Fs) = [0.67/(R)]1-285 


Equipment operation factor CFR= [0.67/(R) ]9+327 
where R = new water ratio (mt ore slurried)/(mt water used). 


For phosphate, the water ratio can vary from 0.7 to 0.3. For other applica- 
tions it can vary from 1.5 to 0.2. 


Tailings Factor Hydraulic mining can be used to excavate old tailings ponds for the 
reprocessing of the tailings. This application normally requires higher water 
pressure and larger monitors. To adjust the base curves for the hydraulic 
mining of tailings, multiply the costs obtained from the curves by the fol- 
lowing factors: 


Eabor fac toray-Che="3-32 
Supply factor CEvat le 5! 
Equipment operation factor (Fr) = 1.12 


The tailings adjustment is based on a water ratio of 1.22 mt of tailings slur- 
ried per mt of water applied. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2-2-1. PREPRODUCTION DEVELOPMENT 


2-2+1.4.6. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
SCRAPERS 


The curves show the cost per metric ton for loading and hauling unconsolidated over- 
burden. Scraper production in metric tons per day is based on an assumed material 
having a weight of 2.2 mt /m3 and requiring ripping. 


The curves are based on a one-way haul of 900 m on a level grade and include a 64 
rolling resistance in the pit area using wheel tractor-scrapers ranging in size and 
type from 150-hp self-loading elevating scrapers to 550-hp twin-engine scrapers. 


The total capital cost per metric ton is the sum of two separate cost curves (labor 
and equipment operation) having a production rate (X), in metric tons of overburden 
and waste per day. The curves are valid for operations between 2,000 and 300,000 
mtpd, operating three shifts per day. This cost is multiplied by the total tons of 
material mined during development to obtain the capital cost. The curves include 
all daily operating and maintenance costs associated with load and haul. 


BASE CURVE 


(L) Labor Operating Cost (Y 7) = 3.831(x)~9+265 
The operating labor costs are distributed as follows: 


Direct ADOT s 6 ciel ctonetexcvevenr's 47% 
Maintenance labor...cccecce byeh4 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
SGCTADET MOPGTALOT. oc cise sieie s cle o.e 58% i933 
COAWLED ODETALOLs «sms aes cle 0.0 32% 16.33 
Rubber-tired support operator. 104% 16.11 


The average wage for labor is $16.64 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (YR) = 0.602(x)—0-0747 


The equipment operating cost distribution for a scraper operation is 


SCTAPCTeccecccvccccccccccce FRR A 
Crawler-dozer. @eeeeoeoeeaeeeee @ 24% 
Rubber-tired support...cooe 5% 


The general equipment cost component distribution applies to the following 
equipment: 
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Repair parts Fuel and lube Tires 
SOTA PSL eiswtelevslensis ete s.cle suercye 38% 47% 154 
Crawler—dozer. coscccccccccs 534 47% - 
Rubber-tired support....... 364 52% 12% 


ADJUSTMENT FACTORS 


Haulage Factor To determine costs for varying haul lengths and grades, multiply the 
costs obtained from the curves by the following factors: 


Labor factor (Pe) ae 0.0865(L)9+359(g)1-530 


Equipment operation factor (FR) = 0.0641(L)9-403(g)1-620 
where L = length of haul, in meters, 
and G = grade [defined as 1.0 plus or minus percent grade/100]. 


Ripping Factor If no ripping is required, multiply the costs obtained from the 
curves by the following factor: 


Ripping factor (Fp) = 0.85 
Equipment Factor Where it is necessary to purchase equipment or have a subcon- 
tractor perform the work, multiply the cost obtained from the equipment opera- 
tion curve by the following applicable factor in order to obtain the total 


value of equipment expense for ownership and operation: 


Shifts per GAVic © sic clelele oilers 1 2. ¥' 
HAGE Onttarersietelolotolererereiolerorersterctche 1.76 1.57 eS. 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup: 


Labor factor GFrdh gal 650 


Equipment operation factor (Fp) = 1.20 


COST, dollars per metric ton 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.2. MINING EQUIPMENT 


2.2.2.2. EXCAVATION, LOAD AND HAUL ORE 
BUCKET WHEEL EXCAVATORS 


The capital cost for bucket wheel excavation is for the acquisition and erection of 
bucket wheel excavators. The bucket wheel excavator is a single unit includes an 
excavating wheel, transporter, and discharge conveyor. The total capital cost is 
based on a single cost curve having an excavation rate (X), in metric tons of ore 
per day. The curve is valid for operations between 2,200 and 125,000 mtpd, oper- 
ating three shifts per day. 


BASE CURVE 


The base curve is predicated on excavating overburden or waste material. The daily 
output of an excavator is based on the operating time and output efficiency of the 
machine. The base case assumes an operating time of 50% and an output efficiency 
of 46%. The operating time is the percent of 24 h that the machines operate each 
day. The output efficiency is the percent of theoretical capacity that the machine 
delivers for a particular overburden. 


The total cost includes the costs associated with the acquisition and erection of 
the bucket wheel excavator. The bucket wheel excavator includes a discharge con- 
veyor (from 8 to 25 m long), but not the in-pit conveying system. The costs are 

distributed as follows: 


Installation? labor costi. aie ce. « 2 
Installation materials cost..... 0.1 
Purchased equipment coOSt.....ee. 94.17 
TRANSPOTEALTONUCOSE tc slarceleiela cieusaa 4.0 


The installation materials are a small percentage of the overall costs since the 
bucket wheel excavator is delivered as a complete unit and erected in the field. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 12 
Construction’ supply costs... 1 
Purchased equipment cost...... 95% 
Transportation) COSEssisielcte sie alc « 3% 


The total capital cost is (Yq) = 1,660.446(x)9-684 and is distributed as 
follows: 


(L) Construction Labor Cost (Y;) = 16.604(x) 9-684 


(S) Construction Supply Cost (Yo) = 16.604(x)0-684 
(E) Purchased Equipment Cost (Yp) = 1,627.238(X)0-684 
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ADJUSTMENT FACTORS 


Operating Time Factor The base case assumes a 504 operating time. Bucket wheel ex- 
cavators do not have high availabilities. The range of expected operating time 
is 41% to 60%. To adjust for different operating times, multiply the cost ob- 
tained from the curve by the following factor: 


Operating time factor (Fr) = [50/(T)]9+683 
where T = new percent operating time. 


Output Efficiency Factor The output efficiency is the ratio of the actual produc- 
tion to the theoretical capacity of the bucket wheel excavator. The theoret- 
ical capacity is based on the number of bucket discharges per minute and the 
bucket size. The theoretical capacity is normally expressed as loose cubic 
meters per hour. The factors that determine the output efficiency are the dif- 
ficulty of digging (required cutting force), the percentage of clay or compact 
material in the bank, and site-specific details such as climatology. The range 
of output efficiencies is from 44% to 852. 


To adjust for different output efficiencies, multiply the cost obtained from 
the curve by the following factor: 


Output efficiency factor Ces [46/(E) ]9-682 
where E = new percent output efficiency. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.2. MINING EQUIPMENT 


2.2.2.3. EXCAVATION, LOAD AND HAUL ORE 
DRAGLINE 


The following cost curve is for the purchase of surface mining equipment. Prepro- 
duction development work can be done using the equipment purchased for operating 
the mine; however, no reduction in the capital cost should be made if a subcon- 
tractor brings in his own equipment. 


The cost is predicated upon the equipment being delivered and made fully operable 
at an appropriate site in the Denver, CO, area. It also includes provision for 
standby equipment and an allowance for miscellaneous items. Escalation for pur- 
chased equipment should be factored by the Bureau of Labor Statistics equipment 
cost index. 


The types of equipment covered in the cost curve are all classes of mobile and sta- 
tionary machinery regularly found in.surface mining, including compressors, drills, 
powder trucks, hydrocranes, wheel loaders, shovels, draglines, crawler dozers and 
rippers, on-highway and off-highway trucks, and administrative and maintenance 
equipment not previously included in other sections. The cost for other fixed sup- 
porting items, such as power transmission lines and some mobile support items such 
as fuel trucks, have been included with other capital cost items. 


The total capital cost is based on a single cost curve having an production rate 
(X), in metric tons of material per day. The curve for crawler draglines is valid 
for a production range of 2,000 to 15,000 mtpd, operating one shift per day; for 
walking draglines, the curves are valid for a production range of 15,000 to 150,000 
mtpd, operating three shifts per day. 


BASE CURVE 


The curve includes all costs associated with the purchase and installation of all 
surface mine equipment. The cost for fixed supporting items such as electric power 
transmission lines has been covered where specifically noted in other items. 


The capital cost derived from the dragline curves is a combination of the following 
costs: 


Construction labor cost....... 20% 
Construction supply cost...... 1% 
Purchased equipment coSt.....e. 77% 
Transportation COSt.cccccccoce 2% 


A typical breakdown of the major cost components is 


Small Large 

(2,000 to (10,000 to 

Crawler dragline: 10,000 mtpd) 15,000 mtpd) 
Draglines..asccccnsecsccses 642% 79% 


Auxiliary equipment........ 364 21% 


Po 
Walking dragline: 
Dragidneg vate sca ee 97% (includes 20% erection cost) 
Auxiliary equipment.. 3% 


The total capital cost for a crawler dragline operation is 
(Yc CRAWLER) = 1,069.304(x) 9-803 and is distributed as follows: 


(L) Construction Labor Cost (Yy, CRAWLER) = 213-608(x)0-803 


(S) Construction Supply Cost (Yg CRAWLER) = 10.693(x)9-803 


(E) Purchased Equipment Cost (YR CRAWLER) = 844-750(x)9-803 


The total capital cost for a yaaa dragline operation is 
(Yo WALKING = 1,054.727(x)9+904 and is distributed as follows: 


(L) Construction Labor Cost (Yq, waLKING) = 210.945(x)0-904 


(S) Construction Supply Cost (Yg waLKING) = 10.547(x)9-904 
(E) Purchased Equipment Cost (Yp wALKING) 


ADJUSTMENT FACTOR 


841.567 (x) 9-904 


Haulage Where trucks are used in combination with crawler draglines, use loader and 
truck, or shovel and truck, curves and multiply by the appropriate hauling 
equipment component to obtain the truck haulage capital equipment cost, and add 
this cost obtained to the crawler dragline curve. 


To determine the cost where further handling of material is required from a 
walking dragline operation, add the cost derived from the electric shovel and 
truck curve multiplied by a factor of 0.89 (drill and blast equipment, 11% of 
the total, would not be required). 


COST, thousands of dollars 
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2.2. SURFACE MINING--CAPITAL COSTS 
22.2. MINING EQUIPMENT 


2.2.2.4. EXCAVATION, LOAD AND HAUL ORE 
DREDGE 


Bucket line dredges are generally designed and configured for a specific mining ap- 
plication. For this reason, a generalized cost model cannot be accurately applied 
in capital cost estimating. However, for the manual user's guidance, the cost curve 
below provides a generalized estimate of capital costs, which should be used with 
caution. 


BASE CURVE 


The total capital cost is based on a single cost curve having an production rate 

(X), in bank cubic meters of material per day. The curve is valid for operations 
between 500 and 20,000 m3/d, operating three shifts per day. The curve is valid 

for single dredges in the dredging depth range of 10 to 50 m below the water pond 
level. The cost derived from the curve excludes ore beneficiation. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor coSt....... 25% 
Construction supply cost...... 25% 
Purchased equipment coSt...... 49% 
Transportation! COSt%.c. <slsciee « 1% 


The total capital cost is (Yq) = 34,972.765(x)0- 627 and is distributed as 
follows: 


(L) Construction Labor Cost cy) 8,743.191(x)9-627 


(S$) Construction Supply Cost (Ys) 8,743.191(x) 9-627 


(E) Purchased Equipment Cost (Yn )e = 17,486.382 (x) 9-627 
ADJUSTMENT FACTORS 


Depth Factor To adjust the capital cost for actual dredging depths and swell 
factors, multiply the cost obtained from the curve by the following factor: 


Depth factor (Fp) = 0.10+[6.86(D)(S)~1-0(x)-0- 615} 
where D = actual depth, in meters, 
S = actual swell factor (the reciprocal of one plus the decimal 
equivalent of percent swell). The base swell factor is 0.80, 
and X = volume to be dredged, in bank cubic meters per day. 


Mineral Processing Factor To include the capital cost of a mineral processing plant 
(i.e., jigging or other gravity separation method) mounted on the dredge, mul- 
tiply the cost obtained from the curve by one of the following factors: 


i3 
Minimal mineral processing: 
Mineral processing factor (Fy mrnqmar) = 1-25 
Some mineral processing: 
Mineral processing factor (fy gomp) = 1-37 
Complex mineral processing: 
Mineral processing factor (Fy comprrx) = 1-50 

Multiple Dredges If the surface mine operation requires more than one dredge, esti- 
mate the capital cost separately for each dredge and apply the applicable 
factors to each cost. 

Refurbishing Factor Dredges built between the late 1930's and the late 1960's can 
sometimes be refurbished at costs varying respectively from two-thirds to one- 
third of the costs derived from the curve. Multiply the cost obtained from the 
curve by its respective factor: 

Refurbishing factor (Fp 1935-51) = 0-67 
Refurbishing factor (Fp 1959-69) = 0-33 


Refurbishing factor (Fp 1979-84) = 1.00 


COST, thousands of dollars 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.2. MINING EQUIPMENT 
Ze2e2e5e EXCAVATION, LOAD AND HAUL ORE 


ELECTRIC SHOVEL AND TRUCKS 


The following cost curve is for the purchase of surface mining equipment. Prepro- 
duction development work can be done using the equipment purchased for operating 
the mine; however, no reduction in the capital cost should be made if a subcon- 
tractor brings in his own equipment. 


The total capital cost is based on a single cost curve having an production rate 
(X), in metric tons of ore per day. The curve is valid for a production range of 
8,000 to 400,000 mtpd, operating three shifts per day. 


BASE CURVE 
The cost is predicated upon the equipment being delivered and made fully operable 
at an appropriate site in the Denver, CO, area. It also includes provision for 


standby equipment and an allowance for miscellaneous items. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor CoSt.....ee. 4h 
Construction supply coSt....c... 64% 
Purchased equipment COSt..ccee.s 88% 
Transportation COStecccccccccece 2% 


A typical breakdown of the major cost components is 
Loading equipment..cccccccvees 30% 
Hauling equipment. .ccccccccees 59% 
Drill and blast equipment..... 11% 


The total equipment capital cost for electric shovel and truck operation is 
(Yo)2= 5,281.346 (x) 9-782 and is distributed as follows: 


(L) Construction Labor Cost C7 )s= 211.254 (x)9- 782 


316.881 (x) 0-782 


(S) Construction Supply Cost (Ys) 


(E) Purchased Equipment Cost (Yp) = 4,753.211(x)0-782 


ADJUSTMENT FACTOR 


Haulage Factor To determine costs for hauls of varying length or depth of pit, mul- 
tiply the cost obtained from the base curve by the following factor: 


Haulage factor (Fy) = 0.0546(R)9-047(1,)0-353 
where R = depth of pit, in meters (R = 1.0 for negative or 04 grade from 


loading point), 
and L = length of haul, in meters 
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The following cost curves are for the purchase of surface mining equipment and are 


based on mines operating three shifts per day. 


Preproduction development work can 


be done using the equipment purchased for operating the mine; however, no reduction 
in the capital cost should be made if a subcontractor brings in his own equipment. 


The total capital cost is based on a single cost curve having an production rate 


(X), in metric tons of ore per day. 
1,000 to 10,000 mtpd, operating three shifts per day. 


BASE CURVE 


The curve is valid for a production range of 


The cost is predicated upon the equipment being delivered and made fully operable 


at an appropriate site in the Denver, CO, area. 


It also includes provision for 


standby equipment and an allowance for miscellaneous items. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost........ 
Construction supply cost....... 
Purchased equipment cost....... 
Transportation COSteccccccccece 


A typical breakdown of the major cost components is 


Small 
(1,000 to 


3,000 mtpd) 


Loading equipment....eee- 41% 
Hauling equipment........ 404 
Drill and blast equipment 19% 


4h 
6% 
88% 
2% 


Large 
(3,000 to 
10,000 mtpd) 
22% 

51% 
27h 


The total equipment capital cost for front-end loader or diesel shovel and truck 
operation is (Yc) = 88, 064.416(x)9+407 and is distributed as follows: 


(L) Construction Labor Cost 


(Y;) = 3,522.577(x)0-407 


(S) Construction Supply Cost CY a 5 283.865 (X)0+407 
(E) Purchased Equipment Cost (YR) = 79,257.974(x)9+407 


ADJUSTMENT FACTOR 


Haulage Factor 


To determine costs for hauls of varying length or depth of pit, mul- 


tiply the cost obtained from the base curve by the following factor: 
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Haulage factor (Fy) = 0.080(R)9-047(1,)0.353 

where R = depth of pit, in meters (R = 1.0 for negative or 0% grade from 
loading point), 

and L = length of haul, in meters. 


COST, thousands of dollars 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.2. MINING EQUIPMENT 


2.2.2«7. EXCAVATION, LOAD AND HAUL ORE 
HYDRAULIC MINING 


The capital cost for hydraulic mining is for the acquisition and installation of 
equipment needed to excavate or fluidize an ore. The hydraulic mining unit opera- 
tion includes the monitor, hydraulic controls and pumps for the monitors, control 
cab, and high-pressure water pumps. 


The total capital cost is based on a single cost curve having an production rate 
(X), in metric tons of ore slurried per day. The curve is valid for a production 
range of 9,500 to 58,000 mtpd, operating three shifts per day. 


BASE CURVE 


The base curve is for the hydraulic mining of phosphate matrix. The matrix is ex- 
cavated by draglines and deposited in "pits" where hydraulic mining occurs. The 
hydraulic monitors (also called guns, giants, or water cannons) break down the ma- 
trix for pumping to the processing plant. The monitors are mounted on a pit gun 
car which advances with the draglines. The base case assumes an 854 operating time 
and a water ratio of 0.67 mt of slurried ore per metric ton of water. 


The total cost includes the cost associated with the acquisition and installation 
of the monitors, hydraulic control units for the monitors, gun car, high-pressure 
water pumps, and piping around the gun car. Not included in the cost is the mine 
water systen. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 9% 
Construction supply cosSt...... 154 
Purchased equipment cost...... 75% 
TEANSPOTLaAtLONn COS Us s «ices vee 1% 


A typical breakdown of the major cost components is 


Water PUMPS.cccccccccecccsccecs 71% 
Monitors and control units.... 29% 


The total capital cost is (Yq) = 232.640(x)9+702 and is distributed as follows: 


(L) Construction Labor Cost (Yz) = 20.938(x)9-702 


(S) Construction Supply Cost CYicy a= 34.896 (x) 9-702 
(E) Purchased Equipment Cost (Yg) = 176.806(x)9-702 


ADJUSTMENT FACTORS 


Water Ratio Factor Each deposit to be hydraulically mined will require different 
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quantities of water and therefore different sizes or numbers of monitors. The 
more competent the deposit, the more water that will be used. The measure of 
difficulty in slurrying the deposit is the mass ratio of ore excavated to water 
used. To adjust for different water requirements, multiply the cost obtained 
from the base curve by the following factor: 


Water ratio factor (Fp) = [0.670/(R) ]9+ 548 
where R = new water ratio (mt ore slurried)/(mt water used). 


For phosphate, the water ratio can vary from 0.3 to 0.7. For other applica- 
tions it can vary from 0.2 to 1.5. 


Tailings Factor Hydraulic mining can be used to excavate tailings ponds for the re- 


processing of the tailings. This application normally requires higher water 
pressure and larger monitors. To adjust for hydraulic mining of tailings, mul- 
tiply the cost obtained from the base curve by the following factor: 


Tailings factor (Fr) = 1.07 


The tailings adjustment is based on a water ratio of 1.22 mt of tailings slur- 
ried per metric ton of water applied. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2-2- MINING EQUIPMENT 


2.2.2.8. EXCAVATION, LOAD AND HAUL ORE 
SCRAPERS 


The following cost curve is for the purchase of surface mining equipment and is 
based on mines operating three shifts per day. Preproduction development work can 
be done using the equipment purchased for operating the mine; however, no reduction 
in the capital cost should be made if a subcontractor brings in his own equipment. 


The total capital cost is based on a single cost curve having an production rate 
(X), in metric tons of ore per day. The curve is valid for a production range of 
2,000 to 250,000 mtpd, operating three shifts per day. 

BASE CURVE 
The cost is predicated upon the equipment being delivered and made fully operable 
at an appropriate site in the Denver, CO, area. It also includes provision for 


standby equipment and an allowance for miscellaneous items. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor CoSt....... 4% 
Construction supply cost...... 6% 
Purchased equipment cost...... 88% 
Transportation COSteccecccecce 2% 


A typical breakdown of the major cost components is: 


DCLADEESics os vis ccwca eso ua ses s's 664% 
Pit equipment (crawler dozers). 26% 

Road equipment (graders, water 
CTUCKSTADLCKUD, CTUCKS) co. cs 00 8% 


The total equipment capital cost for scraper operation is (Yc) = 1,950. 766 (x) 0-761 
and is distributed as follows: 


(L) Construction Labor Cost (Fre) em 78.031(x)09- 761 


(S$) Construction Supply Cost (Yg) 117.046 (x) 9-761 


(E) Purchased Equipment Cost (Yg) = 1,755.689(x)9-761 
ADJUSTMENT FACTOR 


Haulage Factor To determine costs for hauls of varying length or depth of pit, mul- 
tiply the cost obtained from the base curve by the following factor: 


Haulage factor (Fy) = 0.064(L)9-403(¢)1-620 
where L = length of haul, in meters, 


and G 


grade (defined as 1.0 plus or minus percent grade/100). 
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2.2. SURFACE MINING--CAPITAL COSTS 
2-2-3. TRANSPORTATION 


2.2.3.1. AERIAL TRAMWAY 


The capital cost curve for the aerial tramway is for the acquisition and installa- 
tion of equipment for transporting ore or waste material over a slope distance of 3 
km at a slope angle of 159. The bulk density of the material was assumed at 
1,442.5 km/m3 (92.0 1b/ft3). The aerial tramway system includes loading bin, 

apron feeders, tram cars, track and haulage ropes, loading and unloading terminals, 
anchor towers, intermediate (pivoted), towers, and the driving unit(s). 


The total capital cost is based on a single cost curve having a tramming rate (X), 
in metric tons of material moved per day. The curve is valid for a production 
range of 2,040 to 13,800 mtpd, operating three shifts per day. The curve includes 
all costs associated with the acquisition and installation of the equipment re- 
quired for loading, unloading, tramming, and driving units. 


BASE CURVE 


The capital cost derived from the curve is a combination of the following costs: 


Installation labor cost..... 19.04 
Installation materials cost. 4.82 
Equipment COSt...ccccccscees 73.5% 
Transportation COSt..ccscece 2. hh 


The total aerial tramway capital cost is (Yc) = 208,182.537(x)9+385 and is dis- 
tributed as follows: 


(L) Installation Labor Cost OGe RS 39, 554.682 (x) 9-385 


(S) Installation Materials Cost (Ys) = 9,992.762(x)0+385 


(E) Purchased Equipment Cost (re 158, 635-093(x)9+385 
ADJUSTMENT FACTORS 


Tramway Length Factor The curve is based on an aerial tramway of 3 km in slope 
length. To adjust for a different aerial tramway length, multiply the cost ob- 
tained from the base curve by the following factor: 


Length factor (Yj) = 0.233(L)+0.302 
where L = slope length, in kilometers (not to exceed 20 km). 


Bulk Density Factor The base curve was calculated with a material bulk density of 
1,442.5 km/m> (92 1b/ft3). To adjust the base curve for a different bulk 
density, multiply the base curve by the following factor: 


Bulk density factor (Yp) = -0.00003(D)+1.043 
where D = bulk density, in kilograms per cubic meter. 
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2-2. SURFACE MINING--CAPITAL COSTS 
2.2.3. TRANSPORTATION 


2.2.3.2. AIRSTRIP CONSTRUCTION 


Airstrip construction cost curves give the cost per meter length of basic utility 
airstrips varying in width from 10 to 40 m. The airstrip described accommodates 
light single-engine and small twin-engine airplanes used for personal and business 
purposes, plus a broader spectrum of small business and air taxi-type twin-engine 
airplanes. These aircraft include the Cessna 150 series, Piper PA-32-300 Commander 
Six, Rockwell International 114 Commander, Beech B55 Baron, Cessna 310, and Piper 
PA-23-250 Aztec. 


BASE CURVE 


The total capital cost per meter length is based on a single cost curve having an 
airstrip width (X), in meters. The curve is valid for widths of 10 to 40 m, opera- 
ting one shift per day. Two surface options are offered, aggregate and asphalt. 
Not included in this curve are costs for acquisition or clearing of airstrip site, 
and hauling or rough leveling of fill materials. Both aggregate and bituminous as- 
phalt strips include base preparation (grading and rolling). The aggregate surface 
includes a base course of 1.9-cm stone, 15 cm deep followed by final grading and 
rolling. The asphalt surface consists of 31.9-cm stone, 10.2 cm deep, underlying 
3.8-cm thick rolled asphalt. No equipment capital costs are incurred. A 54 con- 
tingency of total capital cost covers ancillary airstrip facilities such as gas 
storage and pump, airstrip end and lateral markings, wind direction apparatus, and 
one T-hangar as needed. 


The capital cost derived from the curve is a combination of the following costs: 


Aggregate Asphalt 
Construction labor cost.... 20% 164 
Construction supply cost... 80% 84% 


The total asphalt airstrip capital cost is (Yc ASPHALT) = 5.686(x)1-000 and is 
distributed as follows: 


(L) Construction Labor Cost (Yy, asppazT) = 0-910(x)1-000 
(S) Construction Supply Cost (Yg aspyart) = 4-776(x)1-000 


The total aggregate airstrip capital cost is (Yo acgrEcATE) = 3-471(x)1+005 
and is distributed as follows: 


(L) Construction Labor Cost CYT, AGGREGATE) = 0.694(x)1-005 
(S) Construction Supply Cost (Ys AGGREGATE) = 2.776 (x)+-005 
ADJUSTMENT FACTORS 


Runway Length Runway length requirement is primarily dependent on anticipated air- 
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craft use, temperature, and elevation. Aircraft type used in the cost curve 
was previously described. For convenience, an equation was derived to deter- 
mine length requirement when the elevation of the airstrip is known. The equa- 
tion is based on maximum temperature of 38° C (1009 F). To determine dif- 
ferent lengths at different elevations, use the following equation: 


Runway length L = 891.915e(0-0005)(E) 
where L = length of airstrip in, meters, 
and E = elevation, in meters. 


Runway Width Runway width requirement varies with wingspan of anticipated aircraft 
using the airstrip. An 18-m wide landing strip will accommodate the aircraft 
previously described. This width is advised for airstrip predesign costing. 
Actual width should be used when calculating capital costs of existing air- 
strips. 


Land Requirements Factor For estimation of land acquisition and clearing require- 
ments for airstrip landing area (includes airstrip pad and lateral-terminal 


clearances), use the following equation: 


Land area requirement in hectares A = 0.012(L)+1.820 
where L = airstrip length, in meters. 


Subcontractor Factor If a subcontractor is used, multiply the curves by the follow- 
ing factors: 


Labor factor GY, ea 50 


Supply factor’ “=(Y¥o) = 1220 


COST, dollars per meter length 


1,000 


100 
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2.2. SURFACE MINING--CAPITAL COSTS 

2-2-3. TRANSPORTATION 

2.2.3.4. RAILROAD CONSTRUCTION 
The cost in this section covers the capital expense for laying standard-gage track- 
age for main lines and spurs. The cost reflects railway installation by a crew 
that works on a one-shift-per-day schedule; furthermore, the cost is based on 
trackage that is fully ballasted. 

BASE CURVE 

The total capital cost is based on a single cost curve having a railroad length 
(X), in total kilometers. The curve is valid for a length range of 1 to 60 km, op- 


erating one shift per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 26% 
Construction supply coSt...... 69% 
Purchased equipment cost...... 5% 


The total railroad construction capital cost is (Yc) = 188,530-000(x)1-900 and 
is distributed as follows: 


(L) Construction Labor Cost (Yz,) = 49,017.800(x)1-000 


(S) Construction Supply Cost (Yg) = 130,085.700(x)1-000 
(E) Purchased Equipment Cost (Yg) = 9,426.500(x)1-000 


ADJUSTMENT FACTORS 


Ballast Factor For the installation of standard-gage trackage without ballast, mul- 
tiply the cost obtained from the base curve by the following factor: 


Ballast factor (Fp) = 0.85 


Roadbed Construction For construction expenses resulting from roadbed clearing, ex- 
cavation, and drilling and blasting, refer to Access Roads sections (2.2.6.1.1.- 
2.2.6.1.5.) and apply a roadway width of 6.1 m to the applicable cost equa- 
tions; the additional railway expenses so derived should then be added to this 
section's capital cost. 


Equipment Factor When it is necessary to purchase equipment or to have a subcon- 
tractor perform the work, multiply the equipment operation value by the fol- 
lowing factor in order to obtain the total value of equipment expense for own- 
ership and operation: 


Equipment operation factor (Yp) = 1.70 
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Subcontractor Factor If a subcontractor is used, to compensate for the subcon- 
tractor's markup, multiply the costs obtained from the curves by the following 
factors: 
Labor, £actonmen (1; 97 1.50 
Supply factor (Ys) = 1.20 


Equipment operation factor (Yp) = 1.20 


COST, thousands of dollars 


94 


100,000 


10,000 


1,000 


100 


Surface Mining—Capital Costs 










 Saieet edit [SIRS OT 
Per) oe 

an Gees 

ETI Te anes | es 
Pedietebed psu eal fia aici AA walled | 
i lu (pgs tedl a a cl Cs ane 
ART LENS AN ATT NS ed 
—><t-+-+}—_ + +--+] 
raion 

; He 188,530. 000(x) ~~ 
op ees 

J 10 100 


LENGTH, total kilometers 


2.2.3.4. Railroad construction 


» 
2.2. SURFACE MINING--CAPITAL COSTS 
2.2.3. TRANSPORTATION 


2.2.3.5. LONG DISTANCE SURFACE CONVEYOR 


The cost curve shown is for the acquisition and erection of a long-distance surface 
conveyor. The conveyor is a single-flight belt conveyor made with high-strength 
steel belting. The conveyor is designed for a 10° slope and 1-km distance. Us- 
ually, the material is crushed or screened at the mine site before being conveyed. 
Screen and crusher capital costs are not included in this cost but are covered in 
separate sections. 


BASE CURVE 


The total cost is based on a single cost curve having a daily production rate (X), 
in metric tons material transported per day. The curve is valid for production 
rates of 15,000 to 150,000 mtpd, operating three shifts per day. The curve includes 
all costs associated with acquisition, installation of the belt, idlers, motors, 
channel, and frame, and site preparation. 


The long-distance surface conveyor capital cost derived from the curve is a combin- 
ation of the following costs: 


Construction labor cost....... 31% 
Construction supply cost...... 5% 
Purchased equipment coSt...... 642 


A typical breakdown of a long distance surface conveyor major cost components is: 


GOR VE TOT BDO LG sls sietels ee ais) 10 sis e1s'o cle sce 6 36% 
Idler-assembly unit Se scww ees cee es 0% 442 
Motors, drive trains, belt cleaners, 

and other mechanical items......... 20% 


The total long distance surface conveyor capital cost is (Yc) = 81,292.281(x)0-309 
and is distributed as follows: 


(L) Construction Labor Cost Oty 25,200. 607 (x)09+309 


(S) Construction Supply Cost (Ys) 4,064.614(x) 9-309 


(E) Purchased Equipment Cost (Yo)"= 52,027.060(x) 09-309 
ADJUSTMENT FACTORS 
Belt Life The conveyor belt, 36% of equipment cost, has an average wear life of 8 
to 10 yr of use, based on three shifts per day, 350 operating days per year, 
and depending on the abrasiveness of the material. The total replacement of 


the belt is standard procedure after excessive wear. 


Conveyor Length and Slope Factor The conveyor is 1-km long and has a 10° slope. 
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For other lengths and slopes, multiply the cost obtained from the base curve by 
the following factor: 


Conveyor length and slope factor (Fy;) = [0.917+0.00940(S)][L/1] 
where L = length, in kilometers, 
and S = slope, in degrees, between 0° and 15°. 


The cost for a decline conveyor is equal to that for a horizontal conveyor (0° 
slope). 


Stacker-Tripper Factor If the material is conveyed to a processing plant or other 
end point such as a port facility, the capital cost for unloading from the con- 
veyor is included in those sections. If the material is waste rock, then the 
cost for a tripper or stacker should be added to the estimated capital cost. 
Costs for these items vary greatly but can range from $600,000 for a stacker or 
tripper that handles 15,000 mtpd waste material to $5,000,000 for a stacker or 
tripper that handles 150,000 mtpd of waste rock. 


COST, thousands of dollars 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.3. TRANSPORTATION 


2.2.3.8. SLURRY PIPELINE 


The capital cost curve for the slurry pipeline is for the acquisition and installa- 
tion of equipment for pumping a slurry 10 km at a lift of 150 m with a specific 
gravity of the solids of 4.3. The slurry pipeline circuit includes slurry storage 
tanks, booster and high-pressure slurry pumps, and the pipeline. 


The total capital cost is based on a single cost curve having a daily adjusted feed 
rate (X), in metric tons material transported per day. The curve is valid for a 
production range of 900 to 32,000 mtpd, operating three shifts per day. The curve 
includes all costs associated with the acquisition and installation of the required 
pumps, agitators, slurry tanks, and pipeline. 


BASE CURVE 


The slurry pipeline capital cost derived from the curve is a combination of the 
following costs: 


Installation labor cost..... 11.84 
Installation materials cost. 32.9% 
Purchased equipment cost.... 54.64 
Transportation CoSt..cc.ceoee 0.7% 


The capital cost is (Yq) = 21,021.709(x)9+546 and is distributed as follows: 
(L) Installation Labor Cost (Y= 2,480. 562 (x)9+ 546 


(S) Installation Materials Cost Cons 6, 916.142 (x) 09-546 


(E) Purchased Equipment Cost (Yg) = 11,625.005(x)9-546 


ADJUSTMENT FACTORS 


Slurry Pipeline Lift Factor The base curve was calculated for a slurry pipeline 
with a lift of 150 m. To adjust the base curve for a different lift, multiply 
the cost obtained from the curve by the following factor: 


Lift factor (F,) = 0.0009(L)+0.871 
where L = length, in meters. 


Pipeline Length Factor The curve is based on a slurry pipeline 10 km in length. 
To adjust the base curve for different slurry pipeline lengths, multiply the 
cost obtained from the curve by the following factor: 


Length factor (Fx) = 0.026(K)+0.741 
where K = length, in kilometers. 


An estimate of average pipeline length can be made from table A-3 in the 
appendix. 
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Specific Gravity Factor The base curve was calculated for a slurry pipeline pumping 
solids with specific gravity of 4.3. To adjust the curve for a different spe- 
cific gravity, multiply the cost obtained from the curve by the following 
factor (an estimate of average specific gravity can be made from Table A-3 in 
the appendix): 


Specific gravity factor (Fs) = 0.023(S)+0.903 
where S = new specific graywity. 


190 


COST, thousands of dollars 


10,000 


100 


10 





Surface Mining—Capital Costs 













mm | | eon aor 


= 21,021. 709(x) 





1,000 10,000 ) 100,000 
MATERIAL, metric tons transported per day 


2.2.3.8. Slurry pipeline 


101 
2-2. SURFACE MINING--CAPITAL COSTS 
2-2-4. MINE PLANT GENERAL OPERATIONS 


2.2-4.1. COMMUNICATIONS SYSTEM 


The communications system curve is based on installed costs for a radio network and 
surface telephone service. The radio system contains mobile and base units with 
one Or more repeaters, depending on the size of the mine and the number of frequen- 
cies used, as well as portable radios. Telephone service costs are based on a conm- 
plete telephone system, with installation by an outside agency. 


BASE CURVE 


The total capital cost is based on a single cost curve having an adjusted mine pro- 
duction rate (X), in metric tons ore and waste per day. The curve is valid for a 
production range of 1,000 to 400,000 mtpd, operating three shifts per day. The 
curve includes all costs associated with the acquisition and installation of 
telephones and telephone lines, mobile and base radio units, repeaters and repeater 
towers, control consoles, and portable radios. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor COSt.ccceees 9% 
Purchased equipment coSt...cee. 91% 


A typical breakdown of major cost components is 


Small Large 

(1,000 to (200,000 to 

20,000 mtpd) 400,000 mtpd) 
TELEPHONES etcisiere eccteicic 0c 0 010 14 14 
Telephone lineS...ccccece 2% 1% 
Mobile: radiosSe.cccccccsece 534% 704 
BASEGITAGLOE sc ccc tle sis cet 24% 6% 
Control consoleS..ecceoee 3% 1% 
Repeatersececcccccccccces 5% 5% 
Repeater towerSeccecccece 3% 24% 
Portable radioS...ccccree 9% 14% 


The total capital cost is (Yc) = 152.086(X)9+656 and is distributed as follows: 


(L) Construction Labor Cost Cy Jas 13.687 (x) 09+656 


(E) Purchased Equipment Cost (Yf) = 138.398 (X) 9-656 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2.4.2. ELECTRICAL SYSTEM 


The cost shown is for the acquisition and installation of the primary skid-mount 
transformers dedicated to individual units of equipment, the necessary trailing 
cables, and ancillary pole-mount transformers (for mine shop, lighting, and/or 
pumping). The cost curves are based on total metric tons of ore and waste handled 
per day by an electric shovel-truck mining method or by a nonelectric shovel-truck 
mining method on a three-shift basis. All power is 25,000 V, 60 Hz, three-phase 
electricity to the transformer sites. To get power to the individual transformer 
sites, distribution lines, primary substations (if power demand is greater than 10 
MW), and primary transmission lines (where location does not have close proximity 
to existing 115- or 230-kV lines for primary substation feed) must be accounted for 
(see section 2.2.6.2. Main Power Lines). 


BASE CURVE 


The total capital cost is based on two single cost curves having adjusted produc- 
tion rates (X), in metric tons ore and waste per day. The curves are valid for a 
production range of 1,000 to 500,000 mtpd, operating three shifts per day. The 
curves include all costs associated with the acquisition and installation of port- 
able skid-mount transformers, pole-mount transformers, and trailing cables. 


The capital cost derived from the curve is a combination of the following costs: 


Nonelectric shovel Electric shovel 


(1,000 to (10,000 to 
10,000 mtpd) 500,000 mtpd) 
Installation labor cost! 47% 102% 
Purchased equipment cost2 53% 89% 
Freight cost - 1Z 


A typical breakdown of major cost components is 


Nonelectric shovel Electric shovel 


(1,000 to (10,000 to 
10,000 mt pd ) 500,000 mtpd) 
Skid-mounted transformers - 53% 
Pole-mounted transformers 1004 Dh 
Trailing cable = 45% 


linstallation cost is composed of 90% labor and 10% equipment operation 
for nonelectric shovel mines and 97% labor and 3% equipment operation for 
electric shovel mines. The equipment operation cost is composed of 41% 
repair-maintenance labor, 34% repair parts, 23% fuel and lubrication, and 2 
tires. 

2Equipment costs include construction materials. 


xe 
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The total capital cost for nonelectric shovel mines is (Yq) = 146.854 (x)0-412 
and is distributed as follows: 


(L) Installation Labor Cost (Yz, yoneiEcT) = 69-021(x)9-412 


(E) Purchased Equipment Cost (Yz NONELECT) = 77.832(x)9-412 


The total capital cost for electric shovel mines is (Yc) = 245.054(x)9+660 and 
is distributed as follows: 


(L) Installation Labor Cost (Yq, prcr) = 24-505(X)9- 660 


(E) Purchased Equipment Cost (YR prEct) = 220-548(x)0-660 


ADJUSTMENT FACTORS 


Self-Generated Power Electric Shovel Operations If the mine uses self-generated 
power from a central location, then the cost of portable power (section 
2.2.4.6.) must be added to the cost from this section (power consumption ranges 
from 67 kW at 10,000 mtpd to 4,800 kW at 500,000 mtpd). 


Self-Generated Power Nonelectric Shovel Operations If the mine uses self-generated 
power from a central location, then the cost of portable power (section 
2.2.4.6.) must be added to the cost from this section (power consumption ranges 
from 1.9 kW at 1,000 mtpd to 20 kW at 10,000 mtpd). 


Portable Power Nonelectric Shovel Operations If the mine uses portable, self- 
contained, light-generator or pump-generator units in the pit, then the portable 
power section (section 2.2.4.6.) should be used in place of this section for 
mine plant only (power consumption ranges from 0.64 kW at 1,000 mtpd to 6.7 kW 
at 10,000 mtpd). 
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2.2. SURFACE MINING--CAPITAL COSTS 


2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2.4.3. FUELING SYSTEM 


This curve is representative of 
gasoline, lubricants, coolants, 
based on one stationary fueling 
required for fueling facilities 
Tanks are sized on the basis of 


the cost of fueling systems handling diesel fuel, 
and waste oil for truck haulage systems. It is 
point and one or more mobile units. Any building 
is covered in section 2.2.4.9. (Surface Buildings). 
a weekly refilling. 


BASE CURVE 


The total capital cost is based on a single cost curve having a daily production 


rate (X), in metric tons ore and waste per day. 


The curve is valid for a produc- 
tion range of 1,000 to 400,000 mtpd, operating three shifts per day. 


The curve in- 


cludes all costs associated with acquisition and installation of tanks, pumps, and 


mobile units. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 8% 
Construction supply cost...... 3% 
Purchased equipment cost...... 89% 
A typical breakdown of major cost components is 
Small Large 
(1,000 to (17,000 to 
17,000 mtpd) 400,000 mtpd) 


Tanks @eeeeoeeseeeeaeeeeeeweoeeseoese @ 29% 
Pumps. @eeeoeeeoeeeeeeeeoeeeeee @ 104 
Mobile units. @eeeeeoeeoeeeeeoee?es 61% 


504% 
13% 
37% 


The total capital cost is (Yc) = 15.385(x)9+855 and is distributed as follows: 


(L) Construction Labor Cost 


(S) Construction Supply Cost (Yg) = 0.462 (x) 09-855 
(E) Purchased Equipment Cost (Yg) = 13.692(x)0-855 


(Yp) = 1.230(x)9-855 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2.4.5. OFFICES AND LABORATORIES 


The cost curves for offices and laboratories include construction of general of- 
fices, engineering and safety offices, and laboratories, including furnishings as 
well as all necessary assay equipment. Building costs are based on masonry two- 
story buildings. In this section, office and laboratory capital costs are present- 
ed separately. 


BASE CURVE 


The costs obtained from these curves are based on the assumption that these facili- 
ties will be used only for mining operations. If the mine and mineral processing 
plant are to share the same facilities, the user must determine, using a knowledge 
of the requirements, what can be jointly used and apportion the resulting costs to 
the mine and plant. 


OFFICES 


The total capital cost is based on a single cost curve having an area (X), in 
square meters of office space or on a single cost curve having a production rate 
(T), in metric tons ore and waste per day. The curve is valid for areas of 40 to 
9,600 m2, or 800 to 500,000 mtpd, operating one shift per day. The capital cost 
curve for offices includes construction of administrative, engineering, and safety 
office space, as well as office furnishings. 


If office space requirements are known, the capital cost estimate may be made di- 
rectly by consulting the cost curve; if space requirements are not known, they can 


be estimated from the following equation: 


Square meters of office space = 0.511(T)9-746 
where T = metric tons of ore and waste mined per day. 


The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost....... 38% 
Construction supply cost...... 48% 


Purchased equipment cost...... 14% 


The total office capital cost is (Y¢ gquaRE METERS) = 651.940 (x)9- 968 
and is distributed as follows: 


(L) Construction Labor Cost (Yj oFFICES-SQ M) = 247.737 (X)9+ 968 


(S) Construction Supply Cost (Yg OFFICES-SQ pbk 312.931 (x)0-968 


(E) Purchased Equipment Cost (Yp oFFICES-SQ M = 91.272 (x)9-968 
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The total office capital cost is (Yo yppp) = 336-202(T)9-723 and is distributed 
as follows: 


(L) Construction Labor Cost (Yq, orFicEs-MTpp) = 127-756(T)9+723 

(S) Construction Supply Cost (Yg oprIcES-MTpp) = 161.376(T)9-723 

(E) Purchased Equipment Cost (YR oFFICES-MTpp) = 47-068(T)9-723 

LABORATORIES 

The total capital cost is based on a single cost curve having an area (X), in 
square meters of laboratory space or on a single cost curve having a production 
rate (T), in metric tons ore and waste per day. The curve is valid for areas of 40 
to 1,200 m2, or 800 to 400,000 mtpd, operating one shift per day. The capital 
cost curve for assay laboratories includes construction of sample preparation and 
analytical laboratory space as well as crushing and assaying lab equipment. 
If laboratory space requirements are known, the capital cost estimate may be made 
directly by consulting the cost curve; if space requirements are not known, they 


can be estimated from the following equation: 


Square meters of laboratory space = 1.760(T)0.475 
where T = ore and waste mined, in metric tons per day. 


The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost....... 34% 
Construction supply cost...... 37% 


Purchased equipment cost...... 29% 


The total laboratory capital cost is (Y¢ SQUARE METERS) = 1,296.566(x)9-885 and 
is distributed as follows: 


(L) Construction Labor Cost (Yz ,aps—sq mM) = 440.832 (x)0+ 885 
(S) Construction Supply Cost (Yg paBs-sq M) = 479.729 (x)0-885 


(E) Purchased Equipment Cost (YR Laps—-sq mM) = 376.004 (x) 9-885 


The total laboratory capital cost is (Yc mppp) = 2,118.290(7T)9-421 
and is distributed as follows: 


(L) Construction Labor Cost (Yz, ,aps-mrpp) = 720-218(T)9+421 


(S) Construction Supply Cost (Ys y,aps—mTpp) = 783.767(T) 9-421 


(E) Purchased Equipment Cost (Yp paps-mrpp) = 614-304(7T)9+421 


110 


ADJUSTMENT FACTORS 


Shift Adjustment The square meters of laboratory space required is based on a 
three-shift operation. To adjust the capital cost for a different number of 
daily operating shifts, multiply the actual daily tonnage by the ratio of the 
base number of shifts (3) divided by the number of desired shifts. Then, use 
this modified production rate in place of actual daily tonnage in the above 
area versus tonnage equation to obtain the adjusted area. Then, enter the ad- 
justed area in the cost equation to obtain the adjusted capital cost. The 
square meters of office space is not contingent on the number of shifts and re- 
quires no adjustment. If the number of square meters of laboratory space is 
known, do not use this adjustment factor. 


Temperature Factor The buildings are based on temperature requirements for the 
Denver, CO, area. For milder areas multiply the costs obtained from the base 
curve by the following factor: 


Temperature factor (Fr mtpp) = 0-94 


For more severe areas multiply the costs obtained from the base curve by the 
following factor: 


Temperature factor (Fr spverE) = 1-08 
Wind and Snow Load Factor The building are based on typical Denver, CO, area re- 
quirements for an equivalent combined wind and snow load of 20 1b/ft2. To 
adjust the costs for more severe conditions (greater than 40 1b/ft2), multi- 
ply the cost obtained from the base curve by the following factor: 


Wind and snow load factor (Fg gpygre) = 1-03 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2.4.6. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 3.2.4.6. when electrical 
power is unavailable through a commercial power utility company or when it would be 
uneconomical to run power distribution facilities to the user. No adjustments are 
necessary for the mine (sections 2.2.4.2., 4.2.5.3.) or mineral processing plant 
(section 6.1.8.4, IC 9143) electrical system because output power matches the power 
input to the mine-processing plant transformer-switchgear substations. 


The cost shown is for acquisition and installation of the primary power source, 
either a horizontal-diesel or a gas-turbine operated generator. The cost curve 

is based on a single 60-Hz, three-phase electrical generator providing all power at 
the rated kilowatt output. This section should be included in the mine and/or min- 
eral processing plant capital cost totals. 


BASE CURVE 


The total capital cost is based on a single cost curve having an average continuous 
power output (X), in kilowatts. The curve is valid for generators between 18 to 
23,600 kW. The curve includes all costs associated with the acquisition, transpor- 
tation, and installation of single-unit generators. 


To convert from kilovolt amperes (kV°A) demand to kilowatt (kW) power output, es- 

timate power factor (PF). This may vary from 0.80 for electric motor circuits to 

1.00 for electric light circuits. The kilowatt power output is then determined by 
aV°A X +PF,,= kW. 


The portable power generation costs derived from the curves are a combination of 
the following costs:: 


Horizontal diesel Gas turbine 

(18 to (2,900 to 

2,900 kW) 23,600 kW) 
Installation Labor Cost 21% 214% 
Installation Materials Cost 204 20% 
Purchased Equipment Cost 582 59% 
Freight cost 1% - 


Installation is assumed to be half labor and half materials. 


The total diesel-powered portable power generation capital cost is 
(Yo preset) = 797-574(x)9-876 and is distributed as follows: 


(L) Installation Labor Cost (Yq, prgspy) = 167-491(x)9-876 


(S$) Installation Materials Cost (Yg pyrgpy) = 159. 514(x)9-876 


(E) Purchased Equipment Cost (Yp prrgpy) = 470-568 (x)9-876 
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The total turbine-powered portable le generation capital cost is 
(Yo TURBINE) = 22251-219(x)9+872 and is distributed as follows: 


(L) Installation Labor Cost (Yz, TURBINE) = 472-756(x)9-872 


(S) Installation Materials Cost (Yg ryrBINE) = 450.244 (x) 0-872 


(E) Purchased Equipment Cost (Yg TURBINE) = 1328.219(x)9-872 


Power Output Determination For surface mine power output (kW), see Electrical Sys- 
tem (section 2.2.4.2.). For underground mine and mineral processing plant 
power demand (kV°A), see Electrical System (sections 4.2.5.3. and 6.1.8.4. 

CIC: 9¥43))e 


ADJUSTMENT FACTORS 


Power Rate If power is to be supplied by more than one unit, the total power out- 
put should be divided by the number of required units to obtain the power out- 
put per unit (X) needed for entering the curve. After the unit cost has been 
calculated, the cost must be multiplied by the total number of units used. 


Power Source If geography or economics necessitate multiple power sites to support 
mines and mineral processing plants, portable power cost should be estimated 
separately for each site using this section. 


Shift Adjustment Adjustment for the number of operating shifts is implicit in the 
choice of the average continuous power output. 


Economic Life The normal economic life for generators is 25,000 hr for units rated 
at 1,100-kW output or greater and ranges from 11,000 to 17,500 hr for units 
rated at less than 1,100-kW output. If the units are operated at standby 
rates, roughly 10 percent over capacity, the economic life would decrease by 
50%. If high-sulfur fuels are used, the economic life would be decreased by 
25h. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2-2-4. MINE PLANT GENERAL OPERATIONS 


2.2.4.7. REPAIR SHOPS AND WAREHOUSES 


Repair shops and warehouses include buildings, equipment, floors, foundations, and 
aprons. Building costs are based on steel superstructure and concrete block exter- 
ior walls. Costs include all applicable equipment, and cover all types of surface 
mining operations and haulage. The buildings are based on weather requirements for 
the Denver, CO, area. 


BASE CURVE 


The total capital cost is based on a single cost curve having an area (X), in 
square meters of repair shop and warehouse space or having a production rate CTH) 
in total metric tons of ore and waste per day. The curve is valid for areas of 150 
to 10,000 m2, or 1,000 to 400,000 mtpd, operating three shifts per day. The cost 
obtained from this curve assumes that these facilities will be used only for mining 
operations. If the mine and mineral processing plant are to share the same facili- 
ties, the user must determine, using a knowledge of the requirements, what can be 
jointly used and how much, if any, increase to the cost must be made for joint 
usage. 


If the space requirements are known, the capital cost estimate may be made directly 
by consulting the cost curve; if space requirements are not known, they can be es- 


timated from the following equation: 


Total square meters = 2,703+0.016(T) 
where T = ore and waste mined, in metric tons per day. 


The capital cost derived from the curve is a combination of the following costs; 





Shops Warehouses 
Construction” Labor cost......-- 364 64% 
Construction supply coSt....... 31% 5% 
Purchased equipment coSt.....e.- 22% - 


The total surface mine repair shops and warehouse facilities capital cost is 
(Yo SQUARE METERS) = 447.814(x)1-000 and is distributed as follows: 


(L) Construction Labor Cost (Yy, gqops-sq mM) = 161-213(x)1-000 
(S) Construction Supply Cost (Yg gyops-sq M) = 138.822 (x)1-000 


(E) Purchased Equipment Cost (YR syHops-sq m) 98. 519 (x)1-000 


(L) Construction Labor Cost @'SE WAREHOUSES-SQ wa 26.869 (x)1-000 
(S) Construction Supply Cost (Ys WAREHOUSES-SQ Mons 22.391(x)1-000 


The total surface mine repair Bao ae and warehouse facilities capital cost is: 
(Yc mtpp) = 31 ,103.546(7T)9:373 and is distributed as follows: 
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(L) Construction Labor Cost (Yy, syops-mrpp) = 11,197.277(1)9+373 
(S) Construction Supply Cost (Ys syops-mrpp) = 9,642-099(T)9+373 


(E) Purchased Equipment Cost (Ym syops-mrpp) = 6,842-780(T)9+373 


(L) Construction Labor Cost CY], WAREHOUSES-MTPD) = 1,866. 213(T)9+373 
(S) Construction Supply Cost (Ys waREHOUSES-MTpPD) = 1,555-177(T)9+°373 


ADJUSTMENT FACTORS 
| Temperature Factor The buildings are based on temperature requirements for the 


Denver, CO, area. For milder areas multiply the costs obtained from the base 
curve by the following factor: 





Temperature factor (Fr mqrpp) = 0-94 


For more severe areas multiply the costs obtained from the base curve by the 
following factor: 





Temperature factor (Fr gpyrre) = 1-08 
| Wind and Snow Load Factor The building are based on typical Denver, CO, area re- 
quirements for an equivalent combined wind and snow load of 20 1b/ft2. To 
adjust the costs for more severe conditions (greater than 40 1b/ft2), multi- 
ply the cost obtained from the base curve by the following factor: 


Wind and snow load factor (Fs gpyere) = 1-03 
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2.2. SURFACE MINING--CAPITAL COSTS 
2-2-4. MINE PLANT GENERAL OPERATIONS 


2.2.4.8. STOCKPILE STORAGE FACILITIES 


A stockpile storage facility provides sufficient storage capacity for a material 
until it can be further processed. A storage facility may also provide adequate 
reserve material to dampen surges in the material supply. Examples of materials 
stockpiled are smelter flux, coal, and coarse ore. For this base curve, capital 
cost is correlated to the live storage capacity of the stockpile facility. Live 
storage capacity of a stockpile is normally about 254 of the total stockpile capa- 
city and 150% of the daily stockpile reclaim rate. The stockpile storage facility 
capital cost includes all costs associated with acquisition and installation of 
stockpiling conveyors, reclaim tunnels, reclaim feeders, and reclaim conveyors. 


BASE CURVE 


The total capital cost is based on a single cost curve having a live storage capa- 
city (X), in metric tons. The curve is valid for 3,000 to 300,000 mt, operating 
two shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 
Construction labor coSt.....e. 13% 
Construction supply coSt...... 364 
Purchased equipment cosSt...... 51% 
A typical breakdown of the major cost components is 
Reclaim feederSecccccccccccces 14% 
Stockpiling conveyor. .cececcece 234 
Reclaim LUNN Sis <a eve ete ole eeucle ate 31% 


Reclaim CONVeyoOrS.ccccccccccce 32% 


The total stockpile storage facility capital cost is (Yc) = 1,401. 013(x) 0-598 
and is distributed as follows: 


(L) Construction Labor Cost (Y;) = 182.132(x)0-598 


(S) Construction Supply Cost (Yg) = 504.365(x) 9-598 
(E) Purchased Equipment Cost (Yg) = 714.516(x)9-598 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2.4.9. SURFACE BUILDINGS 


The cost curve for surface buildings covers the general support facilities for the 
mining operation, including change house, powder magazine, tool sheds, guard 
houses, fencing, etc. Buildings are furnished and are of concrete block construc- 
tion. The buildings are based on weather requirements for the Denver, CO, area. 
The installation is based on a three-shift mining operation. Total cost is based 
on the combined floor space, in square meters, for the included buildings assuming 
single-stcry construction. 


BASE CURVE 


The total capital cost is based on a single cost curve having a building area (X), 
in square meters of space or having a production rate (T), in total metric tons of 
ore and waste per day. The curve is valid for areas of 20 to 2,400 n2, or 14,000 
to 55,000 mtpd, operating three shifts per day. The costs obtained from this curve 
are based on the assumption that these facilities will be used only for mining op- 
erations. If the mine and mineral processing plant are to share the same facili- 
ties, the user must determine (using a knowledge of the requirements) what can be 
jointly used and apportion the resulting cost to the mine and plant. 


If the total number of needed square meters is not known, the following equation 
can be used to estimate the area required for surface buildings: 


Total square meters = 10.7+0.00616(T) 
where T = metric tons ore and waste mined per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor coSt..cecee. 51% 
Construction supply cost...... 49% 


The total capital cost is (Y¢ square METERS) = 23,587.146(x)9+422 and is dis- 
tributed as follows: 


(L) Construction Labor Cost (Yj, squaRE METERS) = 12,029.444(x)0-422 
(S) Construction Supply Cost (Yg squaRE METERS) = 11,557.701(X)9+422 


The total capital cost is (Yc yrppp) = 3,417.367(T)9°403 and is distributed as 
follows: 


(L) Construction Labor Cost (Yj, mppp) = 1,742.857(7T)9-403 


(S) Construction Supply Cost (Ys mtpp) = 1,674. 51(T) 9-403 





ADJUSTMENT FACTORS 


Shift Adjustment To adjust the capital cost for a different number of daily 
operating shifts, multiply the actual daily tonnage by the ratio of the base 
number of shifts (3) divided by the number of desired shifts. Then, use this 
modified production rate in place of actual daily tonnage in the preceding 
tonnage-square meter equation to obtain the adjusted building area. This 
factor need not be applied if actual building areas are known. 


Temperature Factor The buildings are based on temperature requirements for the 
Denver, CO, area. For more moderate areas multiply the costs obtained from the 
base curve by the following factor: 


Temperature factor (Fr mrzp) = 0.94 


| For more severe areas multiply the costs obtained from the base curve by the 
following factor: 





Temperature factor (Fr srvERE) = 1-08 


Wind and Snow Load Factor The buildings are based on typical Denver, CO, area re- 

: quirements for an equivalent combined wind and snow load of 20 1b/ft2. To 
adjust the costs for more severe conditions (greater than 40 1b/ft2), multi- 
ply the costs by the following factor: 


Wind and snow load factor (Fs spygre) = 1-03 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2-4.10.1. WATER AND DRAINAGE SYSTEM 
DRAINAGE SYSTEM 


The curve applies to the most common dewatering method, which consists of pumping 
water out of the mine. 


BASE CURVE 


The total capital cost is based on a single curve for a water-pumping volume (X), 
in cubic meters per day. The curve is valid for pumping volumes of 100 to 60,000 
m3/d, operating three shifts per day. The curve is predicated on an adjustable 
head of 110 m and an adjustable pumping distance of 1.18 km. MThis curve covers all 
costs associated with acquisition and installation of ditches, sumps, pumps, pipe 
lines, and fittings needed to drain the surface area around the mine. 


The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost....... 164 
Construction supply cost...... 30% 


Purchased equipment cost...... 54% 


A typical breakdown of major cost components is 


Small Large 
(100 to (10,000 to 
10,000 m3/d) 60,000 m3/d) 
Pumps and motorS...cccceoce 564 55% 
Pipe, valves, and fittings. 44% 45% 


The total capital cost is (Yc) = 4,947.052(x) 9-426 and is distributed as 
follows: 


(L) Construction Labor Cost (Yz) = 791.528(x)0-426 


(S) Construction Supply Cost (Yg) = 1,492.216(x) 0-426 


(E) Purchased Equipment Cost (YR) = 2,685.988(x)9+426 
ADJUSTMENT FACTORS 


Pumping Head Factor The capital cost curve is based on 100-m static head (lift) and 
10-m friction head. This friction head applies to a 1.18-km standard steel 
pipe line. For actual heads (H), multiply the cost obtained from the base 
curve by the following factor: 


Pumping head factor (Fp) = 0.65+[0.00318(H) ] 
where H = actual head (static, friction, velocity, and fitting), in 
meters. 


D2? 


For preliminary estimates of H, add to the actual static head (lift) 8 m for 
each kilometer of new steel pipe line through which pumping is done. 


For accurate determinations of H, add to the actual static head the sum of 
friction, velocity, and fitting heads obtained from hydraulics handbooks for 
actual pipe quality, pipe diameter, and pipe line pumping distance. 


Pumping Distance Factor The capital cost curve is based on a 1.18-km pumping dis- 
tance (0.18 km in the mine and 1 km outside). For actual distances, multiply 
the cost obtained from the base curve by the following factor: 


Pumping distance factor (Fp) = 0.490+0.431(D) 
where D = actual pumping distance, in kilometers. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.4. MINE PLANT GENERAL OPERATIONS 


2.2-4.10.2. WATER AND DRAINAGE SYSTEM 
WATER SUPPLY SYSTEM (MAKEUP WATER) 


Water is supplied from aquifers or surface sources to surface mines for dust con- 
trol on haulage roads and for equipment cooling. The water supply system capital 
cost for a surface mine (and/or an adjoining mineral processing plant (section 
6.1.8.14., IC 9143) is based on daily water consumption. 


If total daily volume (mine and mineral processing makeup water) is known, the man- 
ual user should enter this volume in the equation given below (unless the processing 
plant is supplied with water from an independent source). The total cost may be al- 
lotted as follows!: 


a) 9% to section 2.2.4.10.2. (surface mine). 
b) 91% to section 6.1.8.14. (mineral processing plant IC 9143). 


To estimate mine water demand, multiply the daily mine capacity (ore and waste) by 
0.07. The 0.07 factor is the approximate number of cubic meters of water required 
per metric ton mined. 


BASE CURVE 


The total capital cost is based on a single curve for a water volume (X), in cubic 
meters per day and is valid for volumes of 1,000 to 150,000 m3/d, operating three 
shifts per day. The curve is predicated on an average pumping head of 291 m, and 
pumping distances ranging from 3 to 53 km, and consists of wells, storage tanks, 
pipelines, distribution piping, pumps, and fittings. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 544 
Construction supply coSt...... 13% 
Purchased equipment cost...... 32% 
Freight costeccccccccccccccves 1% 


A typical breakdown of equipment major cost components is: 


Pipe line @eoeeaeevoeeoeveeveeeeeeneseeee e 58% 
Pumps @eeeeeoeenaeteeeeeeeweeeeeeeee ee @ @ 264 
Storage tanks @eeeeoeoeeoeeoeeeeeee @ 164 


lpercentages derived from U.S. Bureau of Mines IC 8285 dealing with water con- 
sumption for U.S. mines and mineral processing plants. Different percentages may 
be obtained if an actual breakdown of water consumption for the mine and mineral 
processing plants is known. 
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The total capital cost is (Yc) = 848.677(x)9-893 and is distributed as follows: 


(L) Construction Labor Cost (Yz,) = 458.286(x) 0-893 


(S) Construction Supply Cost (Yg) = 110.328 (x) 0-893 
(E) Purchased Equipment Cost (Yg) = 280.063(x)9-893 


ADJUSTMENT FACTORS 


Pumping Distance Factor To adjust the capital cost for the actual pumping dis- 
tance, multiply the cost obtained from the base curve by the following factor: 


Pumping distance factor (Fp) = 0.030+[12.516(D)(x)~0+549] 
where D = actual distance, in meters, 
and X = daily volume, in cubic meters per day. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.6. INFRASTRUCTURE 


2.2-6.1.1. ACCESS ROADS 
CLEARING 


The total cost per kilometer is the sum of two separate cost curves (labor and 
equipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with clearing for access 
roads. Supplies have not been considered in the clearing costs because it is 
assumed that cleared brush or timber would be buried under the excavation waste; 
thus, supplies of fuel oil for burning the clearing slash are not required. 


BASE CURVE 


The curves are based on estimated costs for clearing medium growth on terrain with 
a side slope of 254. Medium growth varies from heavy brush to one tree, 0.33 m in 
diameter, per 40 m2, 


(L) Labor Operating Cost Gg 1,135.467(x)9- 711 
The operating labor costs are distributed as follows: 


Direct VabDOL sc celcle o eeeic ce se 86% 
Maintenance laboreeeeccccce 14% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Dozer Operator... ciccsscieee ss 12% 16.33 
Wheel-loader operator...... 12% 16.33 
Flatbed-truck driver....... 12% 15.89 
General laborers .cccssee oc 644 13.86 


The average wage for labor is $14.63 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yp) = 467.945(x)0- 711 


The equipment operating cost consists of 354 for repair parts, 53% for fuel and 
lubrication, and 124 for tires. 


The equipment operation curve consists of 


DOZET (CLAWLET sc s.0 6 oc ciclelsiclclaleletaicrels cieicle cietetetatotaters 31% 
Wheel LOad@rs/s\s'0-6 @ serece eleisistes ocsis sie whale sce creleiaieierere 47% 
Flatbed true Kier sou ole telate ete sate eicloletsisielareitete lc atataiate 12% 
PICKUP VELUCK 2:6. 5 tie srerete bitieieie ed alelelele ste lelelals svelevere ts 9% 


Chai nSaws ss cies so svelavciecstonsleaieiaisiens ccleleratelelecsheteteistete iiy4 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
DSZETTCrAWLEYs ele os cose es as 524% 482% _ 
MiECLOLOAGET. sielse clas ss 66 01s 36% 43% 214% 
WIAC DEG, CLUCK atic. c cecisiels fists 9% 80% 11% 
PICKUP UCLUCK. «cucasssice ss es 8% 90% 24% 
COS LNA AWS os eaperessloiele sashese! suaje's 39% 61% - 


ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factors 


Brush factor —- (Fp-q1¢HT) =-0+25 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 


Brush factor (Fp pensp) = 1-75 


Side Slope Factor For clearing on terrain with side slopes other than 20% to 304 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 04 to 202, 
Side slope factor (Fg gz-20%) = 0-8 

For clearing on terrain with side slopes of 304 to 504, 
Side slope factor (Fg 39%-59%) = 1-8 

For clearing on terrain with side slopes of 50% to 1004, 


Side slope factor (Fg 59%-190%) = 2-5 
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Burning Equation If fuel oil (for burning slash) or other supplies, such ascables 
and chokers, are used, add the following supply cost equation to the total cost 
per km. The total cost per kilometer for supplies is for a roadway of width 
(X), in meters, varying in width from 3 to 30 m. 


(S) Supply Operating Cost (Yg pBuRNING),= 269-796[0.100(x)]—0+ 0303 


This cost is multiplied by the total km, valid for values between 3.33 to 
3,333.33 km, to obtain the capital cost. 


For clearing operations from 1 to 500 ha (roadway width in meters multiplied by 
roadway length in meters multiplied by 0.0001), the supplies consist of 78% for 
fuel oil and 22% for tools, cables, and chokers. For clearing operations of 
500 to 1,000 ha, supplies consist of 83% for fuel oil (for burning wood and 
scrub) and 17% for tools, cables, and chokers. 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac— 
tor perform the work, multiply the equipment operation value by the following 
applicable factor in order to obtain the total value of equipment expense for 
ownership and operation: 


Shifts per day 1 2 3 
Factor 1.91 1.68 1.61 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs by the following factors: 


Labor, factor, +)(Fp)s=1.5 
Supply factorl® \GFo) 2281 $2 


Equipment operation factor (Ea) = te 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.6. INFRASTRUCTURE 


2.2.6.1.2. ACCESS ROADS 
DRILL AND BLAST 


The total cost per kilometer is the sum of three separate cost curves (labor, sup= 
plies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with drilling and 
blasting for access roads. 


BASE CURVE 


The curves are based on estimated costs for drilling and blasting a cut with a sin- 
gle ditch. The terrain has a side slope of 0% to 20%, and the cut contains 50% 
rocks 


(L) Labor Operating Cost (Y;) = 9, 633.822(x) 0-496 


The operating labor costs are distributed as follows: 


Direct LabDOriets cic cle oh eee 79% 
Maintenance, lLabor'., .\ <i ele oe 214 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Air—track, drillers «. sissies 33% $16.78 


Compressor OperatOr...ecees i7Z 17,23 
Chuckatendey...ceskes « cle sles 6 27% E3386 
POWAGYIMAN sie cls .sosdis cle elelcle cies 87% R6s23.3 
Powderman helper....ecsceee 7% 14.56 
Flatbed-truck driver....«.. 8% 15289 


The average wage for labor is $15.68 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 7,247.524(xX)0.644 
The supply cost consists of 79% blasting supplies and 21% drilling supplies. 


Drilling supplies consist of percussion drill bits, rods, striking bars, and 
couplings; blasting supplies consist of dynamite, ANFO, electric blasting caps, 
and connecting wire. 


(E) Equipment Operating Cost (Yg) = 4,109.384(x)9-496 


The equipment operation curve consists of 51% for repair parts, 48% for fuel 
and lubrication, and 1% for tires. 


The equipment operation curve consists of 


= arn OE eh eS 


Aivetrack dridis...is%ss05 s 33% 
Portable compressors....... 55% 
| Platbede bruckoeinn oes sss ss 7h 
| PACKUDUCTUCK. S scan cs eo 6 sss 5% 


The equipment operating cost distribution is: 





Repair parts Fuel & lube Tires 
Pret Pack 71.4111 St. ewieiis ove 0 93% 7h - 
) Portable compressors....... 34% 65% 1% 
Pret Dede CTUCKS chs ue ienre lease 6% 9% 802 11% 
BC KUL TUCK arte lercth lets elles fore 8% 90% 2% 


ADJUSTMENT FACTORS 


Rock Factor For drilling and blasting cuts that contain other than 50% rock, multi- 
ply the curves by the following factors: 


For drilling and blasting cuts containing 25% rock, 


/ Rock factor (Fr 25%) = 0.60 





For drilling and blasting cuts containing 100% rock, 
Rock factor (Fr 199%) = 1.40 


Side Slope Factor For terrain with side slopes of 0% to 20% which require drilling 
and blasting for two ditches and for providing material for a minimum fill, the 
base costs should be used without any adjustments. With side slopes other than 
0% to 20% multiply the cost obtained from the curves by the following factors: 





For clearing on terrain with side slopes of 20% to 502%, 
Side slope factor (Fg 997-57) = 1-5 
For claering on terrain with side slopes of 50% to 1002, 
Side slope factor (Fg 509%-100%) = 3.0 
Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
tor perform the work, multiply the equipment operation value by the following 
applicable factor in order to obtain the total value of equipment expense for 


ownership and operation: 


BePUE CS EDCTUAY s. «60 ss oe's 6 \vie ih 2 3 
| Pa CieO Tecveteve sie ele wrele oie oe eis es. @ Se gh WA 1.84 rer 5 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs by the following factors: 


Labor factor (F7) = 1.50 


Supply factor (Fo) = 1.20 





Equipment operation factor (F,) = 1.20 
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2.2. SURFACE MINING - CAPITAL COSTS 
2-2-6. INFRASTRUCTURE 


The total cost per kilometer is the sum of two separate cost curves (labor and 
equipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with excavation for access 
roads. 


BASE CURVES 


The curves are based on a dozer excavation operation that is working on terrain 
with a side slope of 254, side-casting from cuts or ditches to a 30-cm fill or to 
waste. The material to be excavated is either blasted rock or a common con- 
glomerate that presents some difficulty in cutting and drifting. 


(L) Labor Operating Cost (Yj) = 29.843(x)1-870 
The operating labor costs are distributed as follows: 


Direct Va DOT: ¥ero eels rete eres eters 60% 
Maintenance labors 5é2s ss 40% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DGOZEL OPECTALOT. soc ccc cvesies 604% $16.33 
Grader oOperatorececcccccces 20% 16.33 
Water-truck driver..ccccoce 204% 15.89 


The average wage for labor is $16.24 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (YR) = 27.128 (x)1-870 


The equipment operation curve consists of 46% for repair parts, 504 for fuel 
and lubrication, and 44 for tires. 


The equipment operation curve consists of 


Dozer CrawlerSececcccesccccs 47% 
Dozer-ripper crawler..c.ceee 25% 
Motor grade reecvocveccccccs 154 
Water truck. cccccccccccsces 9% 


Pickup CPUC K Gosia winin ess bi6.516 5 4% 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Dozer Crawlers... scleasie cscs « 51% 49% - 
Dozer ripper crawler...eeee 53% 47% - 
Motore graders scisicics cele s cele 45% 412% 142 
WACGTML LUCK clercls «6.670 'els ticle esis 29% 554 164% 
PLICKUPFETUCK. << seec ects css 8% 904 2% 


ADJUSTMENT FACTORS 


Side Slope Factor On terrain with a side slope other than 20% to 30% excavation 
costs can be determined by multiplying the costs obtained from the curves by 
the following factors: 


For clearing on terrain with side slopes of 0% to 204, 


Side slope factor (Fgg 9z-29%) = 0.8(S) ]0-600(W)9- 756 
where S = side slope [defined as Wel ne Rect slope/100)], 
and W = roadway width, in meters. 


For clearing on terrain with side slopes of 30 to 100 percent, 


Side slope factor (Fgg 39-100%) = [0.8(S) ]3+958(W)0- 087 
where: 

S = side slope [defined as 1+(percent slope/100)], 
and W roadway width, in meters. 


Material Factor For excavation of materials that are easy to cut and drift, 
multiply the costs obtained from the curves by the following factor: 


Material factor (Fy pasy) = 0-75 


For excavation of extremely wet and sticky material, multiply the curves by the 
following factor: 


Material factor (Fy DIFFICULT? = Iso3 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac-— 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per daYeccccccccccce 1 2 3 
Hal CiEOmveteteteleloleletelsleleieterereistalenere 1.94 Liat 1.63 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = 1.5 


Equipment operation factor (Fr) = 1.2 
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2.2. SURFACE MINING--CAPITAL COSTS 
2-2-6. INFRASTRUCTURE 


2.2+6-1-4. ACCESS ROADS 
GRAVEL SURFACING 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with gravel surfacing 
of access roads. 


BASE CURVE 
The curves are based on costs for preparing a road subbase, spreading surfacing 
material on the roadway, and compacting the surfacing material to a depth of 0.20 
m. The surfacing material is delivered to the job site in suppliers" trucks. 


(L) Labor Operating Cost (Yyz) = 293.304(x)0-667 
The operating labor costs are distributed as follows: 


Direct Pa DOr sc ctelctete ateleteceterets 83% 
Maintenance labor.-ccccccvce 172 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Grader Operator. «6s wcccccces 21% 16.33 
RO Vers Operatores cicleiclelsicic ce 21% 16.33 
DUDA Tite svereteieleiaisic le! eis’ eo aterenslete 18% 13.86 
Grade icheCkKerscce siisicle ce cle « 20% 15.89 
Water-truck driver....eceoe 204 15.89 


The average wage for labor is $15.66 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yo) = 6,880.012(x)1-006 
The supply cost consists of 100% road surfacing gravel (minus 1.9 cm). The 
gravel, delivered and dumped on the roadbed by suppliers' trucks, costs $13.76 
per metric ton. 


(E) Equipment Operating Cost (Yp) = 135.032(x)9-667 


The equipment operation curve consists of 374 for repair parts, 51% for fuel 
and lubrication, and 124 for tires. 
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The equipment operation curve consists of 


Motor grader.ceccceccccccecs 422% 
Rubber-tired, 

self-propelled roller..... 19% 
Water trucKkecccccccccccreccs 264% 
Pickup truck. ccsccsccccccce ilo¥s 


The equipment operating cost distribution is 





Repair parts Fuel and lube Tires 
Motor lerade nes dele cicieeidic leters 45% 41% 14% 
Rubber-tired, 
self-propelled roller..... 49% 404 11% 
MTECTECCUC Kates ole cle rete e ste ele 29% 55% 164 
PICKUP OLTUCK 6 ies ess_ctels.c.sheccis aie 8% 90% 2% 


ADJUSTMENT FACTORS 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 


tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per AAV eccccccccccce 1 2 3 
WaGCiEOTslsicleleree ol cleteretelchere everer ele 2-05 1.79 1.70 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 











tor's markup, multiply the costs obtained from the curves by the following 
factors: 


Labor factor —(F,,) = 1.5 
Supply factor Ponta Ls2 


Equipment operation factor (Fg) = 1.2 
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2-2. SURFACE MINING--CAPITAL COSTS 
2-2-6. INFRASTRUCTURE 


2.2-6-1.5. ACCESS ROADS 
PAVING 


The total cost per kilometer is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is 
multiplied by the total kilometers to obtain the capital cost. Each curve includes 
all of the daily operating and maintenance costs associated with paving of access 
roads. 


BASE CURVE 


The curves are based on a paving operation for laying and compacting hot-mix asphalt 
concrete (purchased locally from a hot-mix plant) to a depth of 5.1 cm. Costs to 
produce an appropriate paving road base are covered in section 2.2.6.1.4., Gravel 
Surfacing. 


(L) Labor Operating Cost One 117.710(x)1-005 
The operating labor costs are distributed as follows: 


Direct ly DOT ievesehe okeieneke cropetetase 80% 
Maintenance. laborecccccccece 20% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
PAVer OPeTatOLecececccccces 13% 16.33 
Roller operator..cccccccccs 264% 16.33 
Ceneral laborer..cocscesevs 22% 13.86 
Rear-dump truck driver..... 39% 15.89 


The average wage for labor is $15.55 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 2,661.382(x)1-005 
The supply cost consists of 100 percent asphalt concrete (minus 1.9-cm hot 
mix). The asphalt concrete, supplied by a local hot-mix plant, costs $26.37 
per metric ton. 


(E) Equipment Operating Cost (YR) = 68.436 (x)1-005 


The equipment operation curve consists of 32% for repair parts, 58% for fuel 
and lubrication, and 10% for tires. 


The equipment operation curve consists of 
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Asphalt PAVETe occcececccccecoe 20% 
Rubber-tired, 


self-propelled roller..... 5% 
Steel-wheeled, 

tandem roller...cccccccees 5% 
Rear-—dump truckS.cccccccece 64% 
Pickup truck. ecccccccccccce 64% 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 

Asphalt Spavere ss « ctete'cle's o'chas 684% 324 - 
Rubber-tired, 

self-propelled roller..... 43% 51% 64 
Steel-wheeled, 

tandem roller....ccccocees 504 50% 
Rear-—dump truckS..ccccocces 22% 6 34% 154 
Pickup truck. ..ssccccsccces 8% 904% 2% 


ADJUSTMENT FACTORS 


Supply Factor The supplies cost should be adjusted for changes in the base asphalt- 
concrete price. 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per da Yistee stele sie eisiee'e 1 2 3 
FaCtOLeccccccccecscccccccece 1.44 1.33 1.29 


Subcontractor Factor If a subcontractor is used, to compensate for the sub-contrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 

Labor factor (CF)e="l.5 
Supply factor (Fg) = 1.2 


Equipment operation factor (Fr) = 1.2 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.6. INFRASTRUCTURE 


2.2.6.2. MAIN POWER LINES 


If power is to be obtained from a local power company, it is generally necessary to 
construct new facilities to connect the mine site to the existing power line net- 
work. This cost is usually borne by the mine company that desires to receive the 
service. For shorter distances and lower maximum power loads this may simply en- 
tail extending existing, medium voltage (13-24 kV) distribution lines. To satisfy 
greater loads over longer distances, however, it 1s necessary to construct higher 
voltage (115 kV) transmission lines as well as substations dedicated to serve the 
mine solely. The following tablulation will aid the evaluator in determining the 
appropriateness of the various options to his particular case. 


Load 
Range(MV°A) 


Main power line distribution 







Maximum distribution line length, km 
24 kV L3SkV 













costs 





Substation 
$ 0 
95,000 





Phy sep dae es 

Cpa 289,000 
630,000 
630,000 





Tat greater than 20 MV°A it is advisable to have the main substation at the 
mine site, thus only transmission lines are considered. 

Note--MV°A(million volt amperes) = 1000kW; KV°A(thousand volt amperes) = kW 
Both MV°A and KV°A are commonly used in the power generation industry to desig- 
nate power demand. 


LINE COSTS: 
Transmission lines $59,000/kilometer 
Distribution lines $42,000/kilometer 


It is important to understand that there is an inverse relationship between MV°A 
and maximum distribution line distances. Thus, in case 2, at 24 kV.A, the first or 
lowest load figure (4 MV°A) corresponds to the maximum distance figure (52 km 

and the highest load to the lowest distance figure. 


It 1s also important to be aware of a few underlying assumptions regarding the five 
separate cases. Case one shows the power requirement range in which it is likely 
that existing distribution lines could supply the needed power. Thus there is no 
substation expense. The second and third cases assume that minor and major modifi- 
cations of an existing substation will be required, respectively. They also assume 
that new line needed will originate from that modified substation. For cases 4 and 
5 the large power requirements necessitate the construction of a completely new, 
dedicated substation. This facility will thus have to be fed by extending an 
existing high-voltage transmission line. In the instance of case 4 the site of the 
substation is as near the existing transmission line network as practicable; for 
case 5 the substation is assumed to be at the mine site. 
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The costs contained in this section assume that the power company that will be 
supplying the power will design and construct the line. Principal costs categories 
included are right-of-way purchase and clearing, access road construction, line and 
substation construction, permitting, and preconstruction design. 


The procedure for determining the system cost and requirements are as follows: 

(1) Estimate the maximum power demand that the mine will require. If not avail- 
able, an estimate of this value may be made by the techniques contained in the 
appropriate mine and beneficiation electrical system sections contained in this 
report. It is recommended that, for estimating purposes, horsepower and kW (or 
Kv°~ A) be considered to be equivalent. Motor efficiencies as well as other 
system power losses generally account for much of the difference between the two 
units. 

(2) Contact the probable power supplier to determine the “nearest useable 
source,’ or likeliest point from which power may be obtained. Depending upon pres- 
ent loading within the system this may or may not be the nearest transmission or 
distribution line. 

(3) Calculate the actual maximum distribution line length on the basis of the 
projected load using the following equations: 


24-kV load--Maximum distribution line distance in km = 210/(P) 


13-kV load--Maximum distribution line distance, in km = 77/(P) 
where P = power requirements, in MV°A. 


(4) Determine distribution line costs by multiplying the lesser of either the 
total length of line required or the maximum length of distribution line as calcu- 
lated in step 3, by line cost per kilometer ($42,000). 

(5) Estimate the transmission line cost by multiplying the remaining length of 
line needed by transmission line cost per kilometer ($59,000). Note that for 
greater than 20 MV°A it is recommended that transmission lines be installed for 
the entire distance. 

(6) Based on MV°A, determine a substation cost from the previous tablulation 
and add this to the line costs already determined. The combination of line and 
substation costs is the total main power line cost. 


BASE CURVE 
System costs have been graphed for three different line distances over the load- 
range (X) of 2 to 40 MV°A. These curves are included to aid the manual user that 
is interested in a very preliminary cost and desires to avoid the procedure out- 


lined above for a more detailed cost determination. 


Freight charges from the east coast manufacturing plant to Denver, CO, for the 
hajor purchased equipment has been determined to be: 


Transformer, 32 mt $7,500 
Oil breaker - 3 at 13 mt each $9,600 


All other equipment and materials are considered to be locally available in Denver, 
50. 


The total capital cost is based on single curves having power loads (X), in mega- 


volt amperes. The curves are valid for power loads of 2 to 40 MV°A. 
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The capital cost derived from the curve is a combination of the following costs: 


Small Large 
(2 to (20 to 
20 MV°A) 40 Mv°A) 
Construction labor cost 50% 47% 
Construction supply cost 50% 37% 
Purchased equipment cost - 164% 


The total 10-km main powerline capital cost is 


(Yo 10 KM LINE) = 207,826.608(x)9-563 and is distributed as follows: 


(L) Construction labor cost (Yz, 109 KM-SMAII) = 103, 913-304(x)9+ 563 
(S) Construction supply cost (Ys 19 KM-SMALI) = 103, 913.304 (x) 9-563 


(L) Construction labor cost (Yy, 19 KM-LARGE) = 97:678-506(X)9+563 


(S) Construction supply cost (Ys 19 KM-LARGE) = 76,895.844(x)9+563 
(E) Purchased equipment cost (Yp 10 KM-LARGE) = 335252+257(X)9-563 


The total 25-km main powerline capital cost is 


(Yo 25 KM LINE) = 644,990.250(x)9*370 and is distributed as follows: 


(L) Construction labor cost (Yq, 95 KM—SMALI) = 322,495-125(x)09+370 
(S) Construction supply cost (Ys 95 KM-SMALL) = 322,495.125(x)9-370 


(L) Construction labor cost (Yz, 75 KM-LARGE) = 303,145.418(x) 9-370 


(S) Construction supply cost (Ys 95 KM-LARGE) = 238,646.392(x)9+370 
(E) Purchased equipment cost (Yp 95 KM-LARGE) = 103,198.440(x)9+370 


The total 50-km main powerline capital cost is 


(Yo 50 KM LINE) = 1,526,363.387(x)9+278 and is distributed as follows: 


(L) Construction Labor cost (Yy, 59 KM-SMALI) = 763,181.694(x)0-278 
(S) Construction supply cost (Ys 59 KM—SMALL) = 763,181.694(x)9+278 


(L) Construction labor cost (Yy, 59 KM-LARGE) = 717,390-792(x)9+278 


(S) Construction supply cost (Yg 59 KM-LARGE) = 564,754-453(X)9+278 
(E) Purchased equipment cost (Yp 509 KM-LARGE) = 244, 218.142(x)9+278 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.6. INFRASTRUCTURE 


2.2.6.3. TOWNSITE 


The following housing costs are for a typical average quality park based on using 
trailers or manufactured 'mobile home' housing containing between 150 and 200 
units. Costs are quoted per individual housing unit. Costs are factored by using 
the Bureau of Labor Statistics Industrial Materials Cost Index. Site costs do not 
include land site acquisition, construction of utility trunk lines to the site, or 
a wastewater treatment plant. Wastewater disposal uses a septic tank and drain 
field; however, transportation and setup costs to areas within 100 miles of Denver, 
CO, are included. 


TYPICAL AVERAGE SITE COSTS FOR FAMILY OR BACHELOR UNIT 


Bachelor 


Site preparation (typical avg. area 410 m2)........eee0. $320 
Streets (7.9- to 9.8-m wide, 7.6-cm asphalt or 7.5-cm 

gravel edgedvor, cunDE ) « oly. cis stevens eis sickle cies c/clete c'ehe storeneteusne 270 
Patios and Walks « «'. sbcritere s sistere sles sre ete anne te tetanore tel ctoberape eeatare’s 200 
Septic itank, sinc ludestdralnetield oie .ctels o < efatcre ele <tske scstetetets 750 
Water, "connected toguni Use ss os <'s clere cle 'eic'c sete eta ciscaeeieto rete 550 
Gas, slow-pressure ,  CONNECLE a. « «cise oeis sie wie eissietsl sie stemware 310 
Electrical, 80- to 150-A connected service to each 

UNL Lbs aie'e rec aie civis so wio.sheie aie) sunieaero: he cokeiodescyanetersce.eleteneieists Eats caahais 890 
Office; recreation, laundry: cere ccc cc cea ccc eter steihie 6 ees ois 1250 





TOC a lL viscdie s bis bie arate chotettccatele aie 0 wloreleie cts me ieletateevets ain Meat eteraberetere 6,830 4,540 


The following adjustment factors should be applied to the total typical average 
site cost where either quality or quantity differs. 


Site preparation adjustment multipliers to total typical average site cost are 
as follows: 


Quality Quality 

description factor Quantity Factor 
Low (300 m2/space).sececee O30 40- 80 sO 
80-125 1.00 

150-250 oe 

Average (410 m@/space).... 1.00 50-125 1.10 
150-200 1.00 

250-300 ys 

Good (520 m@/space)....ee. 1.30 50-150 1210 
75-200 1.00 


Z20=350 ood 
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In addition, the following accessories may also be required: 





BRErCinpeatebaeesOteUravler.ics ao sss cws's ysis ele 6 $620.00 
PAULO Deni ee LEDS sacs % «inisinies <4) ela t's #/s o's,0.0-0's/winle 360.00 
PAUGI LEST OVET PLANNIN OS sick a cls « waies «64 6 K's ee cs'es « 550.00 
Air conditioning--using existing heater....... 840.00 


HOUSING UNITS 


Family Units--With living, dining, kitchen, bath, and sleeping facilities for 
two adults and two to four children. Cost is for typical average quality. 


Single-wide (4.27 by 19.50 m) $15,400 
Double-wide (7.31 by 14.63 m) 26,400 








Quality adjustments to the singleand double-wide basic costs are made by multi- 
plying the above housing unit average quality costs by the following factors: 


Low quality: 
Single wide...... Were 
Double-wide...... 16 
Average quality: 
Single wide...... 0.90 
Double-wide...... Dae 
Excellent quality: 
single wide...... 1La25 
double-wide...... 1.34 





Quantity adjustments--For quantities greater than 10 units, decrease overall 
costs by 10%. 


Snowload adjustment--For areas of heavy snowfall, increase basic unit costs 54 
for increased roof support design. 


Bachelor Units--Consisting of single-person motel-style rooms with a kitchen 
and dining room. Rooms share a centrally located restroom and shower facil- 
ity. Cost is for typical average quality. 


Bachelor TATED Cree ie eee cet otave sa state a ws ene tonebhare nero $15,000 


Number of persons adjustment--Per person cost is based on housing 400 person- 
nel. Lodging capital costs for greater than 500 people, decrease costs by 10%. 
Increase costs by 154 for less than 300 and 20% for less than 200. 


PRIMARY UTILITIES 


Electrical, cost per linear meter: 
Main overhead electric powerlineS.......ceeo~ $26.32 
Perera leOVvernend 1. INS. 440% ss case oes se © va ess B25 


Water, cost per linear meter: 
Main, 15.24-cm plastic (add or deduct 

Poet eBGree CACTI CLAM) s soso 0.0cee coe ey ese es $35.80 
. PALOTH LL 2. ORRKCMc cect ee ssc seceeusseeneeeen ase L7<22 
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2-2. SURFACE MINING--CAPITAL COSTS 
2.2.6. INFRASTRUCTURE 


22-6-4.1. WASTEWATER TREATMENT 
CLARIFICATION 


Clarification capital cost is for the acquisition and installation of equipment for 
water clarification and softening by precipitation and/or coagulation. The all 
metal solids-contact clarifier combines into one operation--quick mixing, floccula- 
tion, clarification, and sludge thickening. The unit will selectively or simultan- 
eously remove turbidity, color, organic matter, manganese, iron, hardness, alkalin- 
ity, taste, and odor. The cost curve is based on clarifiers ranging in diameter 
from 2.74 to 45.72 m (cross-sectional area ranging from 5.9 to 1,642 m2), 


BASE CURVES 


Total cost is based on a single cost curve having a tank diameter of (X) in meters. 
The curve includes all costs associated with acquisition and installation of 
concrete pad, clarifier structure, and control-monitor equipment for sludge level 
and sludge density control. 


The total clarification capital cost derived from the curve is a combination of the 
following costs: 


Construction labor coSt....... 19% 
Construction supply cost...... 5h 
Purchased equipment cost...... 764 


The total clarification capital cost is (Yq) = 15,631-070(x)9-991 and is distri- 
buted as follows: 


(L) Construction Labor Cost (Y1z) = 2,969.910(x)9-991 


(S) Construction Supply Cost (Ys) = 781.550(x)9-991 


(E) Purchased Equipment Cost Oey) 11,879. 610(x)09-991 


Note--Sizing of clarifier is based on one principal parameter--rise rate-- the ver- 
tical velocity of the stream through the clarifier. If the diameter or cross- 
sectional area of the clarifier is unknown, and the feed flow rate is known and the 
rise rate is assumed to be 0.015 m/min, then the diameter (D), or equivalent cross- 
sectional area, of the clarifier can be estimated with the equation: 





Clarifier diameter (D) = 1.128[ (Q)/(R)]9-500 
where R = rise rate, in meters per minute, 
and Q = design flow rate, in cubic meters per minute. 
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2.2. SURFACE MINING--CAPITAL COSTS 
2.2.6. INFRASTRUCTURE 


2.2.-6-4.2. WASTE WATER TREATMENT 
NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d “Treatability 
Manual, Vol. IV, Cost Estimating,” April 1983, was the source of cost development. 
One is referred to this manual if further detail in neutralization costs is 
needed. Additionally, other waste water treatment methods are costed in this EPA 
Manual. 


The capital cost curves cover neutralization of waste water effluent (out-of-pipe) 
when required. The basic design variable is wastewater flow. Applicability of the 
curves are for effluent to be neutralized that ranges in volume from 0.001 to 876 
L/s (22.8 to 20 million gal/d). It is assumed that flow equalization is provided 
by a tailings pond. The costs apply to the neutralization of either acidic or 
basic waste water streams originating from mine, mill, or combined mine and mill 
after it flows out-of-pipe from the central impoundment pond. In most mining oper- 
ations further waste water treatment costs are not required. The system consists 
of chemical addition and two-stage neutralization tanks. It is assumed that pH and 
suspended-dissolved solid content of influent to the system will be unknown at this 
level of costing. Basis of design uses a standard dosage of 100 mgLl lime and 100 
mg/L acid to achieve a pH of 7.0 over a pH range of 6.5 to 8.0. 


BASE CURVES 


Total costs are described by two sets of cost curves based on daily average waste 
water flow rate (X) in liters per second. The curves include all costs associated 
with the construction of the treatment facility including mixing tank, attenuation 
tank, chemical storage, agitators, piping, electrical, and instrumentation. These 
costs are distributed as follows: 


Construction labor coSt....e.. 224 
Construction supply cost...... 134 
Purchased equipment cost...... 654% 


For waste water effluent rates between 0.001 to 8.76 L/s the capital cost is 
CYeUne00l =A av Gn/ sae 123,144.490(x)9+994 and is distributed as follows: 


(L) Construction Labor Cost (Yj, 9.001-8.76 L/s) = 27,091. 780(x)9+ 094 
(S) Construction Supply Cost (Ys 9.001-8.76 L/s) = 16,008.780(x)9-094 


(E) Purchased Equipment Cost (YR 9.001-8.76 L/s) = 80:043-930(x)9-094 


For waste water effluent rates between 8.76 to 876 L/s the capital cost is 
(Yc 8.76-876 L/s) = 26, 346-39(X)9*562 and is distributed as follows: 
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(L) Construction Labor Cost (Y;, 8.76-876 L/s) = 5,796.21(x) 0-562 

(S) Construction Supply Cost (Yg 8.76-876 L/s) = 3,425.03(X)0-562 

(E) Purchased Equipment Cost (Yp 8.76-876 L/s) = 17,125.15(x)0-562 
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2.2. SURFACE MINING--CAPITAL COSTS 


2.2.7. RESTORATION DURING CONSTRUCTION 


Mine restoration is the process of initiating and accelerating the natural contin- 
uous trend toward recovery (stabilization, etc.), the type of environment (desert, 
flatland, grasslands, mountains, etc.), and the restoration requirements by law in 
any given State (which range from none to very strict). Some States require per- 
mits prior to disturbing the ground surface. Typically, the permit specifies that 
the area must be reclaimed, hectare for hectare, to a use similar to the prior use 
or other beneficial use. Most restoration activities for mines include regrading 
and leveling plant sites (and revegetation of the disturbed area) but do not in- 
clude backfilling (in most cases backfilling is not required by law). 


If backfilling is employed in the restoration plan use the Excavation, Load and 
Haul Overburden and Waste section (2.2.1.4.) to obtain backfilling cost. The re- 
vegetation cost varies greatly depending on the method used (hand or machinery), 
materials used, type of seeds or plants, fertilizer, mulch, chemicals (such as lime 
for reducing acidity), and whether irrigation is necessary. Climate and ground 
slope are factors that determine the type and, therefore, the costs of restora- 
tion. The costs given in the following tablulation are representative costs for a 
specific restoration task. The actual cost could range higher or lower than the 
cost given in the table. 


Where restoration methods use motorized equipment, the cost components (from the 
Industrial Chemicals Index) are the following: 40% for labor, 40% for equipment 
operation, and 20% for supplies (fertilizer, seed, mulch, etc.). The cost compon- 
ents for equipment operation are 654 for fuel and lubrication, 25% for repair 
parts, and 10% for tires. If restoration work is accomplished manually, then the 
cost components (from the Industrial Chemicals Index) are 604 for labor and 404 for 
supplies.. 
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COST COMPARISONS OF RESTORATION METHODS 


Cost per Remarks 
hectare 
SPECIFIC RESTORATION WORK (INDEPENDENT OF CLIMATE OR GEOGRAPHY ) 


| Revegetation on steep slope--roadside $1,000- Based on using 18 kg/ha of seed, 


slopes, tailing slopes, or waste dump 1,500 73 kg/ha of fertilizer, and ex- 

slopes, using hydroseeder with fiber penses to use a boom crane, 

mulch. pickup truck, 2 equipment oper- 
' ators, and a swamper. 

Transplanting trees or shrubs by hand 5,000 Assume 2,500 trees hand 
on moderate to steep slopes. planted per hectare at $2 per 

tree or shrub. 

Sand and gravel restoration, includes 3,000 Based on a typical sand-and- 
placers; leveling, grading, topsoiling, gravel operation near Denver, 
reseeding. co. 

Annual maintenance (fertilizers added 160 Cost for applying fertilizer. 
for above). 

) Restoration of borrow pit - backfilling 400- None. 
leveling and reseeding. 600 


| RESTORATION IN HIGH ALTITUDE (MOUNTAINOUS) TERRAIN 
| Regrading and reseeding - not including $4,000 Regrading for adequate drainage 
topsoiling. to minimize erosion, seedbed 
preparation, and reseeding (in- 
cluding transplanting trees and 
shrubs). 
Maintenance (added to regrading 130 
cost cost). Purchasing-applying fertilizer-- 
application cost for l yr. If 
application is on area where at 
least 30-cm depth of topsoil has 
been added, only 1 year's appli- 
cation needed. If topsoil has 
not been added, then as many as 
4 applications may be required 
over a 6- to 8-year period. 
Topsoil removal not necessary for access 7,000 Using $2.30/m? cost of stockpil- 





to ore body--added to regrading cost ing soil to cover a disturbed 
(if necessary to remove topsoil to gain area to a depth of 30 cm. As- 
access to ore body, then only $1,300/ha sume topsoil moved and emplaced 
of this cost would be attributed to once. If moved, then stored and 
restoration cost). moved again to final placement, 


| cost could double). 

| RESTORATION IN ARID AND SEMIARID LANDS 

Soil added $5,000 Required to achieve restoration 
on only the most severely dis- 
turbed sites. Generally serves 
to accelerate the rate of a- 
chieving permanent self- 


ee _sustaining vegetation. 
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COST COMPARISONS OF RESTORATION METHODS--Cont inued 


Cost per Remarks 
hectare 


RESTORATION IN ARID AND SEMIARID LANDS--Continued 


Seeding and irrigation in arid climate $12,000- Irrigation system cost (sprinkler 
on tailings dams, waste dump sites, 15,000 or drip tube) is estimated at 
road slopes. $8,000/ha. Water assumed to be 

pumped on site at annual rate of 
12,000 to 18,000 m3/ha at $63 
to $67 per 1,000 m> of water. 

Seed and fertilizer broadcast on surface 700 Minimum slope where seed will 
--no soil coverage or mulch. cover naturally with soil. Seed 

broadcast manually. 

Hydromulching with 680 kg wood fiber per  1,900- Most common southwestern U.S. hy- 
hectare plus seed and fertilizer. 2,500 dromulch mix; will hold seed and 

fertilizer in place on steep and 
smooth slopes. 

Straw or hay broadcast with straw blower 2,500 Very effective as energy absorber 
on surface at 3,400 kg/ha. and mulch. Not used on steep 

slopes. Cost increase signifi- 
cant if slopes over 14 m from 
access. 











163 


2.2. SURFACE MINING--CAPITAL COSTS 


2.2.8. ENGINEERING AND CONSTRUCTION MANAGEMENT FEES 


The engineering and construction management fees curves are based on the net con- 
structed cost (X) for numerous projects of varying complexities. The net con- 
struction cost is the sum of the group cost for sections 2.2.1. (Preproduction 
Development), 2.2.2. (Mining Equipment), 2.2.3. (Transportation), 2.2.4. (Mine 
Plant General Operations), 2.2.6. (Infrastructure), and 2.2.7. (Restoration During 
Construction). The total engineering and construction management fee curve is 
based on a single firm performing both tasks. The other two curves are based on 
different firms performing each task. Factors for escalation, location, etc., 
should not be applied to any of the curves. 


The equations for each of the individual curves are as follows: 
The construction management fee cost is (Yc) = 0.051(x)9-895 
The design and engineering fee cost is (Yg) = 1.120(x)09+797 


The total design, engineering, and construction management fee cost is 
(Yp) = 0.325(x)9- 900 
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2.2. SURFACE MINING--CAPITAL COSTS 


2.2.9. WORKING CAPITAL 


Working capital is the cash required to sustain a mining and/or milling operation 
between mining the ore and receiving revenue from its sale. It is the capital re- 
quired to meet out of pocket expenses, such as payroll, equipment operation, utili- 
ties, and administrative operating costs. In aggregate, these are the total opera- 
ting costs for the operation during the designated time period. Because this time 
lag persists; that is, monies received in payment for September's production are 
reinvested in material and supplies to produce ore in November or December, a 
continuing account must be maintained as long as the operation is active. 


A reasonable estimate of this lag period is dependent upon the type of operation 
under study. For operations that must send concentrates to a smelter, working cap- 
ital is estimated as 10 weeks of operating, administrative, and transportation 
costs. This estimate includes Two weeks for transportation by rail to the smelter 
as well as two months for the smelter to make payment. By far the majority of 
precious and nonferrous metal producers can be thus classified. 


Less working capital, 6 weeks of operating and administrative costs, is required 
for mines that market their product directly or that have vertically integrated 
processing facilities (i.e., same company owns smelter and/or refinery or company 
sells the end product). 


ADJUSTMENT FACTORS 


Adjustments should be considered if the transportation time to the smelter or 
smelter settlement time varies from assumed values. Adjustments should also be 
made to mine working capital if large mined ore stockpiles are maintained between 
the mining and milling stages, as this also advances the final settlement date. 


For mines with mills that do not ship concentrates on a regular schedule because of 
remoteness and/or do not operate year-round, working capital should be increased 
appropriately. 
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3.2. SURFACE MINING--OPERATING COSTS 

3.2.1. PRODUCTION DEVELOPMENT 

3.21.1. CLEARING 

The curve for clearing production is based on costs for medium light growth on ter- 
rain with a side slope of 20% to 50%. Estimate one tree, 0.33 m in diameter, per 
40 m*. The rate of clearing is determined by the surface mine production rate. 
Total daily operating cost is the sum of three separate cost curves (labor, sup- 
plies, and equipment operation) having a clearing rate of (X), in hectares per 
day. The curves are valid for operations between 0.1 and 10 ha/d, operating one 
shift per day. The curves include all daily operating and maintenance costs asso- 


ciated with clearing a land surface for further development. 


BASE CURVE 


(L) Labor Operating Cost (Y¥z,) = 1,552.120(x)9-819 


The operating labor costs are distributed as follows: 


DIFECU Wabor cts cicteteerets ele atetete 842% 
Maintenance labor.-ccecevece 164 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DOZ@r* OPETStOLr. «ssc ces cscs s 21% 16.33 
TOUCK ATL Vere sc cists 6 cle etis ates 64 15.89 
General laborer. .cccccescss 7 3% 13.66 


The average wage for labor is $14.28 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 245.963(x)9-953 
The supply cost consists of 78% fuel oil and 22% tools, cables, and chokers for 
clearing operations of 0.1 to 5 ha/d. For clearing operations of 5 to 10 ha/d, 
the supply cost consists of 83% fuel oil (for burning trees and scrub) and 17% 
tools, cables, and chokers. 


(E) Equipment Operating Cost (Yp) = 549.565 (X)0- 890 


The equipment operating cost consists of 


Repair parts Fuel and lube Tires 
Crawler dozerS.ccccccces 514 49% = 
Trucks, pickups, 
and chainsaws. ccccccces 142 804% 64 
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Equipment operating costs are based on a spread of 874 for crawler dozers and 
13% for trucks, pickups, and chainsaws. 


ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factor: 


Brush factor (Yg y,rqqr) = 0-25 


For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 


Brush factor (Yg ppnsp) = 1-75 


Side Slope Factor For clearing on terrain level to 20% side slope, multiply the 
costs obtained from the curves by the following factor: 


Side slope factor (Fg gz_99%) = 0.8 


For clearing on terrain with side slopes from 504 to 1004, multiply the costs 
obtained from the curves by the following factor: 


Side slope factor (Fg 509%-100%) = 1-2 


On rocky slopes and slopes over 1004, multiply the costs obtained from the 
curves by the following factor: 


Side slope factor CRT DZ tase 4 
Burning Factor When the burning of cleared brush and trees is prohibited because 
of environmental regulations, the brush and trees will have to be stacked or 
buried. If burning is prohibited, multiply the costs obtained from the curves 
by the following factors: 
Labor factor (Fr) = 1.2 
Supply factor (Fg) = 0.2 


Equipment operation factor (Fp) = 1.2 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.1. PRODUCTION DEVELOPMENT 
3.2.1.2. CORE DRILLING 
Core drilling varies from nonexistent to extensive depending on many unknown fac- 


tors. Core drilling is performed on centers varying from 30 to 245 m and to vary- 
ing depths. The following tabulation gives the average range of cost for core 


| diameter and depth of hole for drilling medium hard rocks. Costs could be higher 
or lower depending on hardness, location, access, and weather conditions. 


Drilling cost, dollars per meter 











Drilling depth range, m 


150-300 300-450 











Size 450-600 


ae NAp 
Bi kee? « « $100 
| eS aer 90 
| 3.4 85 
| aa 80 


By XGelatele’ see 





'NAp Not applicable. 


ADJUSTMENT FACTORS 


Subcontractor Factor If drilling is accomplished by a drilling subcontractor, mul- 
tiply cost by the following factor to compensate for subcontractor's markup. 


Subcontractor factor (Fs) = 


For additional details, see section 2.1.1. (Exploration). 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.1. PRODUCTION DEVELOPMENT 


3.2.1.3. DRILL AND BLAST OVERBURDEN AND WASTE 


The curves have been developed in two parts. The total crawler-type percussion 
drill cost is the sum of three separate cost curves (labor, supplies, and equipment 
operation) based on a production rate (X), in metric tons of overburden and waste 
per day. The curves are valid for operations between 1,000 and 8,000 mt, operating 
three shifts per day. The curves reflect costs for drilling 6-m-high benches with 
crawler-type percussion drills. Spacing of 2.5-in (6.35-cm) holes is on a pattern 
of 1.5 by 2 m to a depth of 7 m. The powder factor is 0.30 kg/mt. 


The total daily rotary drill cost is the sum of three separate cost curves (labor, 
supplies, and equipment operation) based on a production rate (X), in metric tons 
of overburden and waste per day. The curves are valid for operations between 8,000 
and 300,000 mtpd, operating three shifts per day. Drilling is performed with 
rotary drills having a downpressure of from 13,600 to 56,700 kg. The powder factor 
varies from 0.11 to 0.20 kg/mt of waste with an average of 0.14 kg/mt of waste. 
Holes drilled average 12.25-in (31.12-cm) diameter from a range of 6- to 13.75-in 
(15.24- to 34.93-cm) diameter. Costs are based on drilling hard rocks with an 
average compressive strength (30,000 psi or 2,100 kg/cm2). Bench heights are 12 

to 18 m averaging 15 m. Drilling patterns and overdrilling varies with a range of 
100 to 300 mt of blasted material per linear meter of drill hole. Secondary 
drilling and blasting varies from 0% to 10% of blasted material. 


The curves include all daily operating and maintenance costs associated with drill 
and blast. 


BASE CURVE 
(L) Labor Operating Cost (Percussion Drill) (Yq, pgrcussron) = 1-747 (x) 0-909 
The operating labor costs are distributed as follows: 


Direct ADOT etiiele cece rcrercieletens 76% 
Maintenance labor...cccceoee 24% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to (3,000 to per hour 

3,000 mtpd) 8,000 mtpd) (base rate) 
DrTilingeGrewes ccleerete (siete 704 83% $15 522 
Blasting Crewersciece secs s 302% 17% 14.79 


The average wage for labor is $15.84 per worker-hour (including burden and 
average shift differential). 


(S) 


| (S) 
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| (L) Labor Operating Cost (Rotary Drill) (Yq, rotary) = 0.042(x)1-035 


The operating labor costs are distributed as follows: 


DITeCGl Labor’. sles actecies see's 432% 
Maintenance laborececccccce 57% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 
per hour 
(base rate) 
Rotary and secondary 
Brilling*crewss 23.4.0 cs. 67% $15.24 
BUASTINS CLOW. = cles os sels ess’ 33% 15.00 


The average wage for labor is $15.45 per worker-hour (including burden and 
average shift differential). 


Supply Operating Cost (Percussion Drill) (Ys pERCUSSION) = 30.278 (x)09- 504 


The supply costs for percussion drill curve include drill bits and steel-related 
items and blasting supplies in the following cost proportions: 


Small Large 
(100 to (3,000 to 
3,000 mtpd) 8,000 mtpd) 
Drill bits and 
steel-related items....... 102 254 
Blasting supplies...c.ceoee 904% 7 5% 


Supply Operating Cost (Rotary Drill) (Yg porary) = 0.147 (x)0- 984 
The supply costs for rotary drill curve include drill bits and steelrelated 


items and blasting supplies in the following cost proportions: 


Small Large 
(8,000 to (100,000 to 
100,000 mtpd) 300,000 mtpd) 
Drill bits and 
steel-related items....... 26% 164 


Blasting supplies...ccc.eoe 742 84% 
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x 0.818 
(E) Equipment Operating Cost (Percussion Drill) (Y,, PERCUSSION? Area 99) 


The equipment operating costs for percussion drill and blast are 864 for 
drilling equipment and 14% for trucks. The equipment operating cost includes 
power for the drills, fuel and lubrication for trucks and drill compressors, 
repair parts for drills and supporting equipment, and tire costs for supporting 
equipment. 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Dra equipment..ccccecee 58% 42% ard 
TUCK Siete lerccete sherspeverelelercketers 8% 87% GyA 


(E) Equipment Operating Cost (Rotary Drill)  (Yp prortary) = 0.0294(x)1-057 


The equipment operating costs for rotary drill and blast are 954 for drilling 
equipment and 5% for supporting equipment. The equipment operating cost in- 
cludes power for the drills, fuel and lubrication for trucks and drill conm- 
pressors, repair parts for drills and supporting equipment, and tire costs for 
supporting equipment. 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires Power 
Drill equipment....... 79% 104 - 11% 
EC UCKSichersioreteteioleleteietel choke ibe: 80% 9% 2 


ADJUSTMENT FACTOR 


Drill and Blast Factor (D & B Factor) The curves indicate average costs for a 
wide range of materials as can be noted by drill sizes, bit sizes, powder 
factors, and drill pattern. To determine drilling and blasting costs, co- 
nsideration must be given to material hardness, abrasiveness, natural fra- 
ctures and jointing, and maximum-size fragments that can be loaded, haul- 
ed, and processed. 


For favorable drilling conditions, multiply the costs obtained from the c- 
urves by the following factor: 


D & B factor (Fp coop) = 0.6 


Where the drilling conditions are unfavorable, multiply the costs obtained 
from the curves by the following factor: 


D& B factor (Fp spyprE) = 2-0 
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3.2. SURFACE MINING - OPERATING COSTS 
3.2.1. PRODUCTION DEVELOPMENT 


3.2.1.4.1. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
BUCKET WHEEL EXCAVATION 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons of overburden 
and waste per day. The curves are valid for operations between 2,200 and 125,000 
mtpd, operating three shifts per day. The costs include only the operation of the 
bucket wheel excavator. 


BASE CURVES 


The base curve is predicated on excavating overburden or waste material. The daily 
output of an excavator is based on the operating time and output efficiency of the 
machine. The base curve assumes an operating time of 50% and an output efficiency 
of 46%. The operating time is the percent of 24 hours that a machine operates each 
day. The output efficiency is the percent of theoretical capacity that a machine 
delivers for a particular overburden. 


(L) Labor Operating Curve (Yj) = 7.414 (X) 9-556 
The operating labor costs are distributed as follows: 


Direct Va bO TM erateteictetelers esters 65% 
Maintenance laboreeeeceecee 354 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Bucket wheel operator.... 724% $16.78 
Bucket wheel helper...... 3% 13.66 
Bucket wheel laborer..... 25% 11.68 


The average wage for labor is $15.58 per worker-hour (including burden and av- 
erage shift differential). 


(S) Supply Operating Cost Co a 0.058 (x)9-859 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (YR) = 0.212(x)0-681 


The equipment operating cost consists of 1004 for repair parts and materials. 


BY5 





ADJUSTMENT FACTORS 


| Shift Adjustment The curve is based on a three-shift-per-day operation. Typically 
| bucket wheel excavators are run continuously. For a oneor two-shift operation, 
decrease the operating costs proportionately. 


| Operating Time Factor The base case assumes a 50% operating time. Bucket wheel 
excavators do not have high availabilities. The range of expected operating t- 
ime is 41% to 60%. To adjust the base case for different operating times, mul- 
tiply the cost obtained from the labor curve by the following factor: 


Labor factor (Fy) = [50/(P)]9+554 
where P = new percent operating time. 


} Output Efficiency Factor The output efficiency is the ratio of the actual produc- 
tion to the theoretical capacity of the bucket wheel excavator. The theoreti- 
cal capacity is based on the number of bucket discharges per minute and the 
bucket size. The theoretical capacity is normally expressed in loose cubic 
meters per hour. The factors that determine the output efficiency are the dif- 
ficulty of digging (required cutting force), the percentage of clay or compact 
material in the bank, and site-specific details such as climatology. The range 
of output efficiencies is from 44% to 85%. To adjust the curves for different 
output efficiency, multiply the costs obtained from the curves by the following 
factor: 


Labor factor (Fy) = [46/(E)]9+55 
Supply factor (Ec). = [46/(E) ] 0-858 


Equipment operation factor (Fp) = [46/(E) ]9- 680 
where E = new percent output efficiency. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.1. PRODUCTION DEVELOPMENT 


3.2.1.4.2. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
DRAGLINES 


The curve for draglines covers excavating and casting a medium-digging overburden 
and waste material from a dry pit into a spoil pile. fThe material is assumed to w- 
eigh 2.0 mt /n3 for crawler (diesel-powered) draglines and 1.5 mt/m? for walking 
(electric-powered) draglines. 


Crawler draglines range in size from 2- to 20-yd3 capacity; walking draglines, 
from 16- to 50-ya3 capacity. One dozer is provided for each dragline operation 
for cleanup and support. 


The total daily crawler dragline cost is the sum of two separate cost curves (labor 
and equipment operation) based on a production rate (X), in metric tons of over- 
burden and waste per day. The curves are valid for operations between 2,000 and 
15,000 mtpd, operating one shift per day. The total daily walking dragline cost is 
the sum of three separate cost curves (labor, supplies, and equipment operation) 
based on a production rate (X), in metric tons of overburden and waste per day. 

The curves are valid for operations between 15,000 and 150,000 mt, operating three 
shifts per day. The curves include all daily operating and maintenance costs asso- 
ciated with dragline excavation. 


BASE CURVE 


(L) Labor Operating Cost (crawler dragline)  (Yz, cRawLER) = 43-884(x)9-363 


The operating labor costs are distributed as follows: 


Small Large 
(2,000 to (10,000 to 
10,000 mtpd) 15,000 mtpd) 
DIECCUMLA DO Let ces ols « slele's oe 59% 564 
Maintenance labor...cccccces 41% 44% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(2,000 to (10,000 to per hour 

10,000 mtpd) 15,000 mtpd) (base rate) 
Crawler dragline operator.. 41% 26% $18.11 
Bi sg la acest cup sin dhe ielite Wslee 24% 22% 15.89 
DOZEreODETALOT.s ciciejp 06 0.0.5.0,9/0 254 2 3% 16.33 
DELlLity Operatore.esececrecs 104 29% 13.66 


The average wage for labor is $16.13 per worker-hour (including burden and 
average shift differential). 
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(L) Labor Operating Cost (walking dragline) (Yj, warxInG) = 12.249 (x)0-542 


The operating labor costs are distributed as follows: 


Direct "I'a DOTroceceleleve cf slerstorete ee 62% 
Maintenance labor....ccceee 38% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Walking dragline operator.. 304% $18.11 
OLVer sc cicte ciclsiclse wis sicls vis «e's 6 264% 15.89 
Dozer POperatOTres’s sisters sells cles 27% 16.33 
Utility operator. .ccccccces 17% 13.66 


The average wage for labor is $16.46 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (walking dragline) (Yg warKIng) = 0-0395(x)1-003 
The supply cost consists of 1004 electric power for the walking (electric) 


draglines. 


(E) Equipment Operating Cost (crawler dragline)  (Yp CRAWLER) = 2-218(x)0-688 


The equipment operating cost for crawler draglines consists of 704 for the 
dragline and 30% for support equipment consisting of 25% crawler tractors and 
5% pickup trucks. 


(E) Equipment Operating Cost (walking dragline) (Yp WALKING) = 0-533(x)9-834 


The equipment operating cost for walking draglines consists of 664 for the 
dragline and 34% for support equipment consisting of 31% crawler tractors and 
3% pickup trucks. 


The general equipment operating cost distribution for draglines and support 
equipment is as follows: 


Repair parts Fuel and lube Tires 
Walking draglines.......e.- 942 64% - 
Crawler draglines...c.ccoece 65% 354 - 
Crawler idozéerge. css sce elce's 49% 51% - 
Rubber-tired support....... 8% 904 2% 


ADJUSTMENT FACTORS 


To determine the cost of a crawler dragline operation loading to trucks, use the 
values obtained from the electric shovels and trucks curve. Adjust the values by 
increasing each curve component 25% and combine equipment operation and supplies 
curve to account for the substitution of diesel fuel for electric power. (NOTE-- 
Supplies values for the electric shovels and trucks curve include only electric 
power.) 


LIMITATIONS OF DRAGLINE EXCAVATION CURVES 


The cost curves for draglines are very general and are meant to represent a typical 
excavating operation. Factors that greatly affect dragline excavation costs in- 
clude the swing angle of boom and hoisting height. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.1. PRODUCTION DEVELOPMENT 


3.2.1.4.3. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
ELECTRIC SHOVEL AND TRUCKS 


The curves show the cost per day for excavating, loading, and hauling both common 
and shot rock. For common earth excavation, 1 bank m3 equals 2.08 mt; for shot 
rock, 1 bank m3 equals 2.61 mt. 


The loading units are electric shovels and diesel front-end loaders ranging in size 
from 5 to 30 yd3, with an average of 15 yd3. Rear-dump trucks from 35 to 170 

st are the main hauling units, with the average size of all trucks at 100 st. The 
ratio of trucks to loading units averages 6:1. The curves reflect an average haul 
of 2,000 m one-way on an 8% grade from a pit 120 m in depth on wide, well-maintained 
roads. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons of overburden 
and waste per day. The curves are valid for operations between 8,000 and 300,000 
mtpd, operating three shifts per day. The curves include all daily operations and 
maintenance costs associated with load and haul. 


BASE CURVE 


(L) Labor Operating Cost (Yy) = 2.694(x) 9-790 
The operating labor costs are distributed as follows: 


Small Large 
(8,000 to (50,000 to 
50,000 mtpd) 300,000 mtpd) 
DITECUS1 ADO rec oreleis oe 6 ereteraiens 614% 534 
Maintenance labor...ecccece 39% 47% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(8000 to (50,000 to per hour 
50,000 mtpd) 300,000 mtpd) (base rate) 
SHOVEL iOPETALO Lessors ois cle 6 einie 14% 8% $18.11 
UL LET sieiolmieisteretecraiere esters tere eters 6% 4% 15.89 
DOZer VOPperators 2. oe cisisiaw stele 17% 23% 16.33 
Grader operator. cceccccccee 5% 7h 16.33 
Front-end loader operator.. 3% 1% 16.33 
TRUCK, GYLVETs cic leetstere ieletsatete 524 57% 15.89 
General laborer..ccccccccce 3% - 13.66 


The average wage for labor is $16.54 per worker-hour (including burden and 
average shift differential). 
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|.(S) Supply Operating Cost (Yg) = 0.188(x)-780 


The supply cost consists of 100% electric power for the walking (electric) 
draglines. 


(E) Equipment Operating Cost (Yp) = 1.850(x) 9-867 


The equipment operating cost covers the daily operating cost for all excava- 
tion, loading, and hauling equipment and includes allowances for repair parts, 
tires, lubrication, and fuel consumption. 


The equipment operating cost distribution for a shovel and truck operation is 


PROVE Bist, chase ecels sats: cle loreal a (ete "avy 4 
Rear—dump, trucks... sees « 70.04% 
Crawlers doZzersisrcdeisisie ocet selec 12.0% 
Rubber-tired support....... 11.0% 


The general equipment operating cost component distribution is as follows: 


Repair parts Fuel and lube Tires 
SOV! bs OVE CETL midis cceceletins 96% 4% = 
Rearedump. trucks. 310% iis aisle 25% 48% 27% 
Crawler doOzers .'owwewietes oe 504 504 
Rubber-tired support....... 35% 47% 18% 


ADJUSTMENT FACTOR 


|\Haulage Factor To determine costs for hauls of varying length or depth of pit, 
multiply the costs obtained from the curves by the following factors: 


Labor factor (Fz) = 0.117(R)9-030(1,)0.263 


Equipment operating factor (Fr) = 0.0546(R) 9-047(1,)0-353 
where R = depth of pit, in meters (R = 1.0 for negative or 0% 
grade from loading point), 

length of haul, in meters. 


and L 
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3.2. SURFACE MINING--OPERATING COSTS 
1)3.2.1. PRODUCTION DEVELOPMENT 


)3.2.1.6.4. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 

FRONT-END LOADER OR DIESEL SHOVEL AND TRUCKS 

\| The curve shows the cost per day for loading and hauling both common and shot rock. 
‘For common earth excavation, 1 bank m3 equals 2.08 mt; for shot rock, 1 bank m3 
isequals 2.61 mt. 












‘The costs are based on mines using front-end loaders or diesel shovels for loading 
jiand trucks for haulage. The loaders and shovels range in size from 1 to 6 yd3 

jand the trucks range from 10 to 35 st. The curves reflect an average haul of 750 m 
jone way on an 84 grade from a pit 60 m deep. 





The total daily cost is the sum of two separate cost curves (labor and equipment 
jboperation) based on a production rate (X), in metric tons of overburden and waste 
jpper day. The curves are valid for operations between 1,000 and 10,000 mtpd, oper- 
\jating two shifts per day. The curves include all daily operating and maintenance 
costs associated with excavation, loading, and haulage. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 37.003(x)9-529 
The operating labor costs are distributed as follows: 


Direct ap OT etree ve ate oreicteteteieters 704 
Maintenance labor.e.ccccece 30% 


The direct labor costs consist of the following typical range of personnel: 





Small Large Av salary 
(1,000 to (3,000 to per hour 

3,000 mtpd) 10,000 mtpd) (base rate) 
Loader-shovel creweecceceee 304 21% $16.24 
PrucK HallAseLCTeW. «ss sles 464 37% 15.89 
Dozer GPeTatOrisscsccscuvciss 24% 174% 16.33 

Rubber-tired support 

De Wicle s clatdisie 6 aislsiee spre sie ate. s - 254 16.11 


The average wage for labor for small operations is $16.20 per worker-hour 
(including burden and average shift differential). 


The average wage for labor for large operations is $16.42 per worker-hour 
(including burden and average shift differential). 


(EB) Equipment Operating Cost (Yg) = 24.620(x)9-576 


The equipment operating cost distribution for front-end loader-diesel shovel 
and truck operation is 





| Front-end loader-shovel.... 18% 
Rear-—dump TIC hy a ielets e eieieie se * 43% 
Crawler NOS t ae seine cece a's 23% 


Rubber-tired SUPPOTrCe cececce 164 
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The general equipment cost component distribution is as follows: 


Repair parts Fuel and lube Tires 
Shovel; diese linscsccccs sos 70% 30% - 
Front-end loader....ssceoee S594 447 23% 
Rear-dump truck.......acee 28% 52% 20% 
Crawler dozer. cc sce clove 51% 49% - 
Rubber-tired support....... 28% 63% 9% 


ADJUSTMENT FACTOR 


Haulage Factor To determine costs for hauls of varying haul length or depth of pit 
multiply the costs obtained from the curves by the following factors: 


Labotsfactormancl a= 0.155(R)9-930(7,)0.263 


Equipment operation factor (Fr) = 0.080(R) 9-947(7,) 0.353 

where R = depth of pit, in meters (R = 1.0 for negative or 0% 
grade from loading point), 

and L = length of haul, in meters. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.1. PRODUCTION DEVELOPMENT 


3.2.1.4.5. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 
HYDRAULIC MINING 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons of material 
slurried per day. The curves are valid for operations between 9,500 and 58,000 
mtpd, operating three shifts per day. The costs include the operation of the moni- 
tors and high pressure water pumps. Not included in the estimates is the cost for 
pumping the slurry. 


BASE CURVES 


The base curve is for the hydraulic mining of phosphate matrix. The matrix is ex- 
cavated by draglines and deposited in “pits” where hydraulicing occurs. The hy- 
draulic monitors (also called guns, giants, or water cannons) break down the matrix 
for pumping to the processing plant. The monitors are mounted on a pit gun car 
that advances with the dragline. The base case assumes an 854 operating time and a 
water ratio of 0.67 mt of slurried ore per metric ton of water used. 


(L) Labor Operating Curve (Y,) = 0.406(x)9-771 
The operating labor costs are distributed as follows: 


Direct a DO I ore televelecetelereeteleve 83% 
Maintenance laboreeccecccccce aha’ 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Monitor operatoré .. s'est 59% 16.78 
Monitor helper. .ccccccccece 33% 13.66 
LADOrE Ls cco ic se 6s verelsrnteiee 8% 11.68 


The average wage for labor is $15.65 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yo) = 0.883(x)09-685 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 0.019(x)9-748 


The equipment operating cost consists of 100% for monitor repair parts and 
materials. The repair costs are divided 30% for water pumps and 70% for the 
monitor systems (hydraulic pumps, controls, and monitors). 
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ADJUSTMENT FACTORS 





\\Water Ratio Each deposit to be hydraulically mined will require different quanti- 
| ties of water, and therefore, different sizes or numbers of monitors. The more 
competent (tougher) the deposit, the more water that will be required. The 
measure of difficulty in slurrying the deposit is the mass ratio of ore exca- 
vated to water used. To adjust the base curves for different water require- 
ments, multiply the costs obtained from the curves by the following factors: 


Labor factor (Fz) = [0.67/(R)]9+950 
Supply factor (Fg) = [0.67/(R)]1-285 


Equipment operation factor (FR) = [0.67/(R)]9+327 
where R = new water ratio, defined as metric ton of ore slurried per 


metric ton of water used. 


For phosphate, the water ratio can vary from 0.7 to 0.3. For other appli- 
cations it can vary from 1.5 to 0.2. 


‘Tailings Factor Hydraulic mining can be used to excavate old tailings ponds for 

| the reprocessing of the tailings. This application normally requires higher 
water pressure and larger monitors. To adjust the base curves for the hy- 
draulic mining of tailings, multiply the costs obtained from the curves by the 


following factors: 


Labor factor (Fy) = 3.32 





Supply factor (Fg) = 1.51 
Equipment operation factor (Pru) em sie ie 


The tailings adjustment is based on a water ratio of 1.22 mt of tailings 
slurried per metric ton of water applied. 
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| 3.2. SURFACE MINING--OPERATING COSTS 
| 3.2.1. PRODUCTION DEVELOPMENT 


: 3.2.1.4.6. EXCAVATION, LOAD AND HAUL OVERBURDEN AND WASTE 


SCRAPERS 


|The curves show the cost per day for loading and hauling unconsolidated over- 
\'burden. Scraper production in metric tons per day is based on an assumed material 
| having a weight of 2.2 mt/m? and requiring ripping. 


The costs cover wheel tractor scrapers ranging in size and type from 150-hp self- 
| loading elevating scrapers to 550-hp twin-engine scrapers. The curves are based on 


a one-way haul of 900 m on a level grade and include a 6% rolling resistance in the 
pit area. 


|The total daily cost is the sum of two separate cost curves (labor and equipment o 

eration) based on a production rate (X), in metric tons of overburden and waste per 
| day. The curves are valid for operations between 2,000 and 300,000 mtpd, operating 
three shifts per day. The curves include all daily operating and maintenance costs 


associated with load and haul. 


BASE CURVE 


(L) Labor Operating Cost (Y,) = 3.825(x)9-735 


The operating labor costs are distributed as follows: 


MErec Cl aADOT. ss ax « oo sts 34% cle 534 
Maintenance labor........e- 47% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 


per hour 

(base rate) 
Bi PEDETMODEGLALOL.« «46 cle ss sieiae sre s 58% rE633 
Crawler Operator. ..cccccccccees 32% 16.33 
Rubber-tired support operator.. 102% Gert 


The average wage for labor is $16.64 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yg) = 0.602(x)9-925 


The equipment operating cost distribution for a scraper operation is 


SCTAPCT ce ccccccccccccscceses rales 
Crawler-dozer. eocoeoeeeeee eee 24% 
Rubber-tired support. eeceeoe 57 
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The general equipment cost component distribution is as follows: 


Repair parts Fuel and lube Tires 
SO DG Leeiateisiaiele etoteletere steleie ste a 38% 47% 154 
Crawler—-dozer.cscccccceneue 53% 47% - 
Rubber-tired support....... 364% 52pa 12% 


ADJUSTMENT FACTORS 


Haulage Factor To determine costs for varying haul lengths and grades, multiply 
the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.087(L)9+359(g¢)1-530 


Equipment operation factor (FR) = 0.064(L)9+403(G)1-620 
where L = length of haul, in meters, 
and G = grade [defined as 1.0 plus or minus (percent grade/100)]. 


Ripping Factor If no ripping is required, multiply the costs obtained from the 
curves by the following factor: 


Ripping factor (Fp) = 0.85 
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3.2. SURFACE MINING - OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.1 DRILL AND BLAST ORE 
DRILLS 


The curves have been developed in two parts. For mines excavating from 100 to 
8,000 mtpd ore , the curves reflect costs for drilling 6-m high benches with 
crawler-type percussion drills. Spacing of 2.5-in holes is on a pattern of 1.5 by 
2m to a depth of 7 m. The powder factor is 0.30 kg/mt3. 


For mines excavating from 8,000 to 100,000 mtpd, drilling is performed with rotary 
drills having a down pressure of from 13,600 to 56,700 kg. The powder factor 
varies from 0.11 to 0.20 kg/mt3 of ore. Holes drilled average 12.25-in 

(31.12-cm) diameter from a range of 6- to 13.75-in (15.24- to 34.93-cm) diameter. 
Costs are based on drilling hard rocks with an average compressive strength (30,000 
psi or 2,100 kg/cem2). Bench heights are 12 to 18 m and average 15 m. Drilling 
patterns and overdrilling varies with a range of 80 to 200 mt of blasted material 
per linear meter of drill hole. Secondary drilling and blasting varies from 0 to 
10% of blasted material. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X) in metric tons ore per day. 

The curves are valid for operations between 100 and 100,000 mtpd, operating three 
shifts per day. The curves include all daily operating and maintenance costs asso- 
ciated with drill and blast. 


BASE CURVE 


(L) Labor Operating Cost (percussion drill) (Yq, pprcussron) = 1-747 (x)9- 909 


The operating labor costs are distributed as follows: 


Direct PaADOLT s oetsle ereiclenele is 0 ere 43% 
Maintenance labor.e.cccccce 57% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to (3,000 to per hour 
3,000 mtpd) 8,000 mtpd) (base rate) 
Percussion drilling crew... 704% 83% $15.22 
Blasting Crew. «sss c.cele stasciers 30% 17% 14.79 


The average wage for labor is $15.41 per worker-hour (including burden and 
average shift differential). 


ts 8 


(L) Labor Operating Cost (rotary drill)  (Y¥z, porary) = 0-720(x)9-779 


The operating labor costs are distributed as follows: 


Small Large 
(8,000 to (30,000 to 
30,000 mtpd) 100,000 mtpd) 
DIFECETLADO Ls cocccceerss ede 53% 47% 
Maintenance labor..e.ceceee 47% 53% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(8,000 to (30,000 to per hour 
30,000 mtpd) 100,000 mtpd) (base rate) 
Rotary and secondary 
drilling crew. «PIM0s. BOLE 70% 65% $15.29 
Brasting Crews (sides wie eves 304% 35% B5AL5 


The average wage for labor is $15.56 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (percussion drill) (Yg prrcussron) = 30-278(x)9+ 504 
The supply costs include drill bits, steel-related items, and blasting supplies 


in the following cost proportions: 


Small Large 
(100 to (3,000 to 
3,000 mtpd) 8,000 mtpd) 
Drill bits and steel- 
rela led 1 LEMS. «sic 0 6 cles e's 102 25% 
Blasting Supplies. ..cs estes +s 904% 7 5% 


1s) Supply Operating Cost (rotary drill)  (Yg porary) = 0-152(x)0- 985 
The supply costs include drill bits, steel-related items and blasting supplies 


in the following cost proportions: 


Drill bits and steel- 
related’ d Heme iss sess ose 182% 
Blasting supplieS....ecseee 82% 


(E) Equipment Operating Cost (percussion drill) (Yg pgrcusston) = 1-771(x)9- 818 


The equipment operating costs include power for the drills, fuel and lubrica- 
tion for trucks and drill compressors, repair parts for drills and supporting 
equipment, and tire costs for supporting equipment. 


The equipment operating costs for percussion drill and blast consist of 86% for 
drilling equipment and 14% for trucks. Drilling equipment costs include 58% for 
repair parts and 42% for fuel and lubrication. Supporting equipment costs 
include 87% for fuel and lubrication, 8% for repair parts, and 54 for tires. 
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(E) 


Equipment Operating Cost (rotary drill) (Ypg porary) = 0.614 (x)0- 783 


The equipment operating costs include power for the drills, fuel and lubrica- 
tion for trucks and drill compressors, repair parts for drills and supporting 
equipment, and tire costs for supporting equipment. 


The equipment operating costs for rotary drill and blast consist of 91% for 
drilling equipment and 9% for supporting equipment. Rotary drilling equipment 
operating costs include 77% for repair parts, 12% for fuel and lubrication, and 
11% for power. Supporting equipment costs include 764 for fuel and lubrica- 
tion, 17% for repair parts, and 7% for tires. 


ADJUSTMENT FACTOR 


Drill and Blast Factor (D & B Factor) The curves indicate average costs for a wide 


range of materials as can be noted by drill sizes, bit sizes, powder factors, 
and drill pattern. To determine drilling and blasting costs, consideration 
must be given to material hardness, abrasiveness, natural fractures and joint- 
ing, and maximum-size fragments that can be loaded, hauled, and processed. 


For favorable conditions, multiply the costs obtained from the curves by the 
following factor: 


D & B factor (Fp coop) = 0-6 


Where the above conditions are unfavorable, multiply the costs obtained from 
the curves by the following factor: 


D & B factor (Fp SEVERED = 2.0 


HOS 


Surface Mining—Operating Costs 


100,000 
Percussion Drill eecer lee | eo 
0.909 
1.747(X) H hecnsallas ie 
oso4l| | | 
edaabbomcrste| adel 
10,000 0.818 {ttt 
ae 
a eas 
me] 
a 
n 
o 1,000 ae 
= mela 
7 es) 
D BT Rotary Drill 
0.779 
i: [a Y= 0.720(x) 7” 
eae ot E 0.985 
H Ys 0.152(X) 
0.783 
ze Ye= 0.614(X) 
ba bat 





100 1,000 10,000 100,000 
ORE, metric tons per day 





3.2.2.1. Drill and blast 
DRILLS 





196 
3.2. SURFACE MINING--OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.2. EXCAVATION, LOAD AND HAUL ORE 
BUCKET WHEEL EXCAVATION 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) based on a production rate (X) in metric tons ore per 

day. The curves are valid for operations between 2,200 and 125,000 mtpd, operating 
three shifts per day. The costs include only the operation of the bucket wheel ex- 
cavator. 


BASE CURVES 


The base curve is predicated on excavating ore. The daily output of an excavator 
is based on the operating time and output efficiency of the machine. The base 
curve assumes an operating time of 50% and an output efficiency of 46%. The oper- 
ating time is the percent of 24 hr that a machine operates each day. The output 
efficiency is the percent of theoretical capacity that a machine delivers for a 
particular overburden. 


(L) Labor Operating Curve (Yz,) = 7.414(x)0+556 
The operating labor costs are distributed as follows: 


Direct LabOne oc. ctetere toe eo arete 65% 
Maintenancemlabor. « cletee «isle 35% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Bucket wheel operator...... 72% $16.78 
Bucket wheel helper...c..ee. 3% 13.66 
Bucket wheel laborer....... 25% 11.68 


The average wage for labor is $15.58 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost GY 0.058 (x)0-859 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp) = 0.212(x)9- 681 


The equipment operating cost consists of 100% for repair parts and materials. 
ADJUSTMENT FACTORS 
Shift Adjustment The curve is based on a three-shift-per-day operation. 


Typically, bucket wheel excavators are run continuously. For a oneor two-shift 
operation, decrease the operating costs proportionately. 


ins 


| Operating Time Factor The base case assumes a 50% operating time. Bucket wheel 
| excavators do not have high availabilities. The range of expected operating 
time is 41% to 60%. To adjust the base case for different operating times, 

multiply the the cost obtained from the labor curve by the following factor: 


LabOrecactorcessA ry )) =.= [50/(T) ]9+554 
where T = new percent operating time. 


Qutput Efficiency Factor The output efficiency is the ratio of the actual produc- 
tion to the theoretical capacity of the bucket wheel excavator. The theoreti- 
cal capacity is based on the number of bucket discharges per minute and the 
bucket size. The theoretical capacity is normally expressed in loose cubic 
meters per hour. The factors that determine the output efficiency are the 
difficulty of digging (required cutting force), the percentage of clay or com- 
pact material in the bank, and site-specific details such as climatology. The 
range of output efficiencies is from 44% to 85%. To adjust for different out- 
put efficiencies, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = [46/(E)]9-555 
Supply factor (Fg) = [46/(E)]9-858 


Equipment operation factor (FR) = [46/(E) ]9-680 
where E = new percent output efficiency. 
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COST, dollars per day 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.3. EXCAVATION, LOAD AND HAUL ORE 
DRAGLINE 


The curve for draglines covers excavating and casting a medium-digging ore from a 
dry pit into a spoil pile. The material is assumed to weigh 2.0 mt/m”? for 
crawler (diesel-powered) draglines and 1.5 mt/m3 for walking (electric-powered) 
draglines. 


Crawling draglines range in size from 2.0- to 20-yd3 capacity; walking draglines, 
from 16 to 50 cubic-yard capacity. One dozer is provided for each dragline opera- 
tion for cleanup and support. 


The total daily cost for crawler draglines is the sum of the two separate cost 
curves (labor and equipment operation) and for walking draglines is the sum of the 
three separate cost curves (labor, supplies, and equipment operation) based on a 
production rate (X) in metric tons of ore per day. The curve for crawler draglines 
is valid for a production range of 2,000 to 15,000 mtpd, operating one shift per 
day; for walking draglines, the curves are valid for a production range of 15,000 
to 150,000 mtpd, operating three shifts per day. 


BASE CURVE 


(L) Labor Operating Cost (crawler dragline)  (Yz, cRaWLER) = 43-884(x)9-363 


The operating labor costs are distributed as follows: 


Small Large 
(2,000 to (10,000 to 
10,000 mtpd) 15,000 mtpd) 
LT OC Gila DOT eels s ies ciaiciese snelace 59% 44% 
Maintenance labor..-..ceccee 41% 564 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(2,000 to (10,000 to per hour 

10,000 mtpd) 15,000 mtpd) (base rate) 
Dragline operatore. oc: ccece 41% 26% $18.11 
VSULOY wig gue sie ieis 6100.0 6.010 014.0.676.8 « 24% 22% 15.89 
DESEO DO TACO Tc ss. 0.0 5 .019.9.0,0'6.¢ 25% 23% 16% 3,3 
Utility operator. eccccccece 104 29% 13.66 


Labor costs average $16.13 per worker-hour (including burden and average shift 
differential). 
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(L) Labor Operating Cost (walking dragline) 


(Yz, WALKING) = 12-249(x)0-542 


The operating labor costs are distributed as follows: 


Direct Va DOT eteatvctere or clevere ieteleie 
Maintenance laboreccccesscs 


The direct labor costs consist 


Dragline operatoOreccceccees 
OiTers 6.0.00 cs ecjcles sls cle se 6/s 0 
Dozer OperatOLreccecececcccee 
Utility operator..ccccceces 


62% 
38% 


of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
304 18.11 
26% 15.89 
27% 16.33 
17% 13.66 


Labor costs average $16.46 per worker-hour (including burden and average shift 


differential). 


(S) 


Supply Operating Cost (walking dragline) 


(Ys WALKING) = 0-0395(x)1-003 


The supply cost consists of 1004 electric power for the electric draglines. 


(E) 


Equipment Operating Cost (crawler dragline) 


(Ye CRAWLER) = 2+218(x)0- 688 


The equipment cost distribution for crawler draglines is 704 for the dragline 
and 30% for support equipment consisting of 25% for crawler tractors and 54 for 


pickup trucks. 


(E) 


Equipment Operating Cost (walking dragline) 


(Ye WALKING) = 0-533(x)0-834 


The equipment operating cost distribution for walking draglines is 664 for the 
dragline and 34% for support equipment consisting of 31% for crawler tractors 


and 34 for pickup trucks. 


Equipment operating cost distribution for draglines and support equipment is 


Walking draglines @eeeeoeee#ee??e? 
Crawler draglines..ccccocee 
Grawler td0ZErS . a sels 6 6. cies = o's 


Repair parts Fuel and lube Tires 
94% 64 - 
654 35% ~ 
49% 51% ~ 
8% 90% 2% 


Rubber-tired support.... 


ADJUSTMENT FACTOR 


Truck Haulage 


To determine the cost of a crawler dragline operation loading to 


trucks, use the values obtained from the curve for electric shovels and 


trucks. 


Adjust the values by increasing each curve component 25% and combine 


equipment operation and supplies curve to account for substitution of diesel 


fuel for electric power. 


(NOTE.--Supplies values for the electric shovels and 


trucks curve include only electric power.) 
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LIMITATIONS OF DRAGLINE EXCAVATION CURVES 
The cost curves for draglines are very general and are meant to represent a typical 


excavating operation. Factors that greatly affect dragline excavation costs in- 
clude the swing angle of boom and hoisting height. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.4. EXCAVATION, LOAD AND HAUL ORE 
DREDGING 


There are basically two kinds of dredging systems used in placer mining and in con- 
struction: mechanical, such as the bucket-line dredges, and hydraulic such as the 
suction dredges (bucket wheel and cutterhead types). 


The curves for dredging in this section cover costs for single bucket-line dredges, 
which are used in the most common method of placer excavation and recovering of 

free gold, platinum, tin, sand, and gravel. Suction dredges are mostly used in con- 
struction, in fine-sand mining and (only to a very minor extent) in placer mining; 
consequently, they are not included in the curves. 


Bucket-line dredge operations normally work continuously 9 to 12 months per year, 
depending on weather conditions. Cleanup and repairs are performed one or two 
shifts per week. The total daily cost is the sum of the three separate cost curves 
(labor, supplies and equipment operation) based on a production rate (X) in bank 
cubic meters of material et: per day. The curves are valid for operations 
between 500 and 20,000 bank m”, operating three shifts per day. The curves cover 
dredging depths ranging from 10 to 50 m below the pond water level. All the cost 
components exclude mineral processing. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 302.529(x)0-254 
The operating labor costs are distributed as follows: 


Direct VADOT ses 6 soe tale ele eats 604% 
Maintenance labore.ceccccece 40% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(500 to (4,000 to per hour 
4,000 m2) 20,000 m2) (base rate) 
MLGCH ROPE TACO Lethe sel sre-ocererni phe 47% 28% 521.32 
CULE 5 as titers 46 we os 0 006s nse s 39% 39% 17.69 
HUD Tes sist els's ess see 666 6.2 14% 33% 14.56 


Labor costs average $18.18 per worker-hour for all levels of production (in- 
cluding burden and average shift differential). 


(S) Supply Operating Cost (Yg) = 1.692(x)9-724 
The supply cost consists of 100% electric power. Typically, dredges are 
supplied with purchased power. 


(E) Equipment Operating Cost (Ypg) = 7.454(x)9+595 


Equipment operation costs consist of 95% parts and 5% lubricants. 
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ADJUSTMENT FACTORS 


Depth Factor To adjust the costs for actual dredging depths and swell factors, mul 
tiply the costs obtained from the curves by the following factors: 


Labor factor VE a 0.65+{ 3.33(D) (x)79+ 615] 
Supply factor (Fg) = 7.62(D)(S)71-9(x)-0- 615 


Equipment operation factor Chi) c= 7.62(D)(S)71+9(x)-0- 615 
where D = actual depth, in meters, 
X = volume to be dredged, in bank cubic meters per day, 
and S = actual swell factor (the reciprocal of 1 plus the decimal 
equivalent of percent swell); the base swell factor is 0.80. 


Mineral Processing Factor To include operating cost of a mineral process plant 
mounted on the dredge (i.e., jigging or other gravity separation method), mul- 
tiply the costs obtained from the curves by the following factors: 


Minimal mineral processing: 


Labor factor (Fy, MINIMAL? ai lef yiho th 
Supply factor (Fs MINIMAL) = 1-34 
Equipment operation factor (FR mrnrmat) = 1-37 


Some mineral processing: 


Labor factor (Fy, somp) = 1-57 
Supply factor (Fs sompg) = 1-36 
Equipment operation factor (Fp gomp) = 1-41 


Complex mineral processing: 


Labor factor (Fy, COMPLEX? = 1.63 
Supply factor (Fg compziEx) = 1-38 
Equipment operation factor (Fr coMPLEX) = 1-45 


Power For locations where electric power can not be purchased, estimate the supply 
cost using the curve for portable power generation (section 3.2.4.6.). If the 
actual number of kilowatt-hours of power consumption is available, estimate the 
supply cost by multiplying the kilowatt-hours by the actual cost per kilowatt- 
hour. 


Multiple Dredges If the surface mine operation requires more than one dredge, es 
timate the operating costs separately for each dredge with the curves and the 
applicable factors given. The manual user should be aware that the combined 
labor cost might be slightly lower than the sum of the separate labor costs 
because of improved maintenance-labor distribution for the dredges. 
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3.2. SURFACE MINING - OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.5. EXCAVATION, LOAD AND HAUL ORE 
ELECTRIC SHOVEL AND TRUCKS 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons of ore per 

day. The curves are valid for operations between 8,000 and 100,000 mtpd, operating 
three shifts per day. The curves include all daily operations and maintenance 
costs associated with load and haul. 


The loading units are electric shovels and diesel front-end loaders ranging in size 
from 5 to 30 yd3, with an average of 15 yda3. Rear-dump trucks from 35 to 170 

st are the main hauling units, with the average size of all trucks at 100 st. The 
ratio of trucks to loading units averages 6:1. The curves reflect an average haul 
of 2,000 m one-way on an 84% grade from a pit 120 m in depth on wide, well- 
maintained roads. 


BASE CURVE 


(L) Labor Operating Cost (Yj) = 2.407 (x) 0-782 
The operating labor costs are distributed as follows: 


Small Large 
(8,000 to (50,000 to 
50,000 mtpd) 100,000 mtpd) 
Dirvects Vapors steccteele atele's ceo 61% 53% 
Maintenance ‘labor. << sls css es 39% 47% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(8,000 to (50,000 to per hour 
50,000 mtpd) 100,000 mtpd) (base rate) 
Shovel operatorececcccccccece 14% 8% $18.11 
OPLG rive ets ravers cle wis ete atetels ateness 6% 4% 15.89 
Dozer “Operators is ace ccs es 17% 234% 16.33 
Grader operator. ccecccccces 5% 7% 16.33 
Front-end loader operator.. 3% 1% 16.33 
TLUCKVOTIVCT ciets vivis sels sivas ste 52% 57% 15.89 
General laborer.cecccccccee 3% - 13.66 


Labor costs average $16.54 per worker-hour for all levels of production (in- 
cluding burden and average shift differential). 


(S) Supply Operating Cost (Yg) = 0.0671(x)9- 856 
The supply cost consists of 100% electric power for electric shovels. 
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(E) Equipment Operating Cost (Yg) = 1.284(x)0-882 


The equipment operating cost covers the daily operating cost for all excava- 
tion, loading, and hauling equipment and includes allowances for repair parts, 
tires, lubrication, and fuel consumption. 


Equipment operating cost distribution for an electric shovel and truck opera- 


tion is 

Shovel shelectriceoan. par. sé 7h 
Rear-dump truc kee Fae ae etas J0% 
Craw beredozersies toss 6 sce «4 e 122% 
Rubber-tired support. eeoeeone LUZ 


The general equipment operating cost component distribution is: 


Repair parts Fuel & lube Tires 
shovels, elect ric.4... «+s 96% 4% - 
Rear—-dump itrucksser. ftir 25% 48% 27% 
Craw LerudOZe 1Siceiele sisleusle sister 50% 504 _ 
Rubber-tired support....... 35% 47% 18% 


ADJUSTMENT FACTOR 


Haulage Factor To determine costs for hauls of varying length or depth of pit, 
multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.117(R)9-030(1)0.263 


Equipment operation factor (Ff) = 0.0546(R) 9-047(1,) 0.353 

where R = depth of pit, in meters (R = 1.0 for negative or 04 
grade from loading point), 

and L = length of haul, in meters. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.6. EXCAVATION, LOAD AND HAUL ORE 
FRONT-END LOADER OR DIESEL SHOVEL AND TRUCKS 


The curve shows the cost per day for loading and hauling both common and shot 
rock. For common earth excavation, 1 bank m3 equals 2.08 mt; for shot rock, 1 
bank m2 equals 2.61 mt. 


The curve is based on mines using front-end loaders or diesel shovels for loading 
and trucks for haulage. The loaders and shovels range in size from 1 to 6 yd? 

and the trucks range from 10 to 35 st. The curves reflect an average haul of 750m 
one way on an 8% grade from a pit 60 m in depth. 


The total daily cost is the sum of the two separate cost curves (labor and equip- 
ment operation) based on a production rate (X), in metric tons of ore per day. The 
curves are valid for operations between 100 and 10,000 mtpd, operating three shifts 
per day. The curves include all daily operating and maintenance costs associated 
with excavation, loading, and haulage. 


BASE CURVE 


(L) Labor Operating Cost (Y;) = 37.003(x)09+529 


The operating labor costs are distributed as follows: 


ParectmLabOls cos ce sale < cc etts 70% 
Maintenance labor......cee.e 30% 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to G3, 000 sto per hour 

3,000 mtpd) 10,000 mtpd) (base rate) 
Loader/shovel crew.....e.e0- 30% 21% $16.24 
Truck haulage crew......... 464% 374 15289 
WOZCTTOPETICOL ss acidic es 6 + os 24% 17% 16.03 

Rubber-tired support 

STOWE 5 ohaletersreterelereunarerevecersne = 25% DO. LL 


A typical small front-end loader-diesel shovel and truck operation is based on 
a composite crew having an average rate of $16.20 per worker-hour (including 
burden and average shift differential). Large load and haul operations are 
based on a composite crew having an average rate of $16.42 per worker-hour (in- 
cluding burden and average shift differential). 
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(E) Equipment Operating Cost (Yg) = 24.620(x)9-576 


The equipment operating cost distribution for front-end loader-diesel shovel 


and truck operation is 


Loadér/ShOVE liviccs<'c ete ¢ eleva ols 18% 
Rear-dump truck......c.cccece 43% 
Crawlertdozer. ..s0 26s ce cles e 23h 
Rubber-tired support....... 164 


The general equipment cost component distribution is as follows: 


Repair parts Fuel and lube 
SHOVE | Vdiesel ews s cele ces ee 704 30% 
Front-end loader.....ecceeee 33% 447 
Rear—dump trucks. sce es ses 28% 52% 
GrawleredOZeUelec « cere ccs siciele 4 49% 
Rubber-tired support....... 28% 63% 
ADJUSTMENT FACTOR 


Tires 


23% 
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Haulage Factor To determine costs for hauls of varying haul length or depth of 
pit, multiply the costs obtained from the curves by the following factors: 


Labor factor (F,) = 0.155(R 


Equipment operation factor 


) 0.0307, 0.263 


(Fe) = 0.080(R) 9-047(7,) 0-353 


where R = depth of pit, in meters (R = 1.0 for negative or 04 


grade from the load 


ing point), 


and L = length of haul, in meters. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.2. MINING OF ORE 


3.2.2.7. EXCAVATION, LOAD AND HAUL ORE 
HYDRAULIC MINING 


The operating costs for hydraulic mining are given on a metric ton per day of ore 
slurried. The costs include the operation of the monitors and high-pressure water 
pumps. Not included in the estimates is the cost for pumping the slurry. The 
total daily cost is the sum of the three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons of material 
slurried per day. The curves are valid for operations between 9,500 and 58,000 
mtpd, operating three shifts per day. 


BASE CURVES 


The base curve is for the hydraulic mining of phosphate matrix. The matrix is ex- 
cavated by draglines and deposited in “pits” where hydraulicing occurs. The hy- 
draulic monitors (also called guns, giants, or water cannons) break down the matrix 
for pumping to the processing plant. The monitors are mounted on a pit gun car 
that advances with the dragline. The base case assumes an 854 operating time and a 
water ratio of 0.67 mt of slurried ore per metric ton of water used. 


(L) Labor Operating Curve Gir aS 0.406 (x)9-771 
The operating labor costs are distributed as follows for all production levels: 


Direct Aa DO Tete lehetalctelele a elelerate 83% 
Maintenance laborececcecccecce ir ys 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Moniter operator. wees « «ce 58% 16.78 
Moniter helper.....:<«eacese 32% 13.66 
Moniter laborertin .<.cs+c0e 102 11.68 


The average wage for labor is $15.65 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 0.883(x)9-685 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yg) = 0.019(x)0-748 


The equipment operating cost consists of monitor repair parts and materials. 
The repair costs are divided 30% for water pumps and 70% for the monitor 
systems (hydraulic pumps, controls, and monitors). 


re ne 
ADJUSTMENT FACTORS 


Water Ratio Factor Each deposit to be hydraulically mined will require different 
quantities of water, and therefore, different sizes or numbers of monitors. 
The more competent (tougher) the deposit, the more water that will be re- 
quired. The measure of difficulty in slurrying the deposit is the mass ratio 
of ore excavated to water used. To adjust the base curves for different water 
requirements, multiply the costs obtained from the curves by the following 
factors: 


Labor factor (Fy) = [0.67/(R)]9+950 
Supply factor (Fg) = [0-.67/(R)]1+285 


Equipment operation factor (Fr) = [0.67/(R) ]9-327 
where R = new water ratio, defined as metric ton of ore slurried per 


metric of of water used. 


For phosphate, the water ratio can vary from 0.7 to 0.3. For other applica- 
tions it can vary from 1.5 to 0.2. 


| Tailings Factor Hydraulic mining can be used to excavate old tailings ponds for 

| the reprocessing of the tailings. This application normally requires higher 
water pressure and larger monitors. To adjust the base curves for the hy- 
draulic mining of tailings, multiply the costs obtained from the curves by the 
following factors: 


Labor factor (Fy) = 3.32 





SUupDL ys factors (hc)um 1.5L 
Equipment operation factor (FR) = 1.12 


The tailings adjustment is based on a water ratio of 1.22 mt of tailings 
slurried per mt of water applied. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.3. TRANSPORTATION 


3.2.3.1. AERIAL TRAMWAY 


The operating cost curves for aerial tramways cover the cost for tramming ore or 
waste material. The base curves are based on an aerial tramway of 3.0 km in length 
with a slope of 15°. The bulk density of trammed material is 1,442.5 kg/m3 

(92.0 1b/ft3). The total daily cost is the sum of the three separate cost curves 
(labor, supplies, and equipment operation) based on a production rate (X), in 
metric tons of material transported per day. The curves are valid for operations 
between 2,040 and 13,800 mtpd, operating three shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 439.940(x)9-121 
The operating labor costs are distributed as follows for all production levels: 


Die CT La DO beceiocaiesatitieieis o aiecs 654 
Maintenance labor..cccccecee 354 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
PEO DGTALOU sis cisco ceric ase © 504 16.78 
fram helpersccssccessccsc ss 412% 13.66 
Prat 1A DOLE Ls esic's sicce « oeieie7e 9% 11.68 


The average wage for labor is $15.11 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yar 1.815 (x)0-451 
The supply curve consists of 100% electric power. 


(E) Equipment Operating Cost (YR) = 68.358(x)9+381 


The equipment operating cost consists of 99.4% for repair parts and materials 
and 0.64 for lubrication. The curve includes allowance for repairs on motors, 
feeder conveyor, hoppers, scales, bin, tram cars, ropes, and maintenance of 
automatic loading and unloading systems and all other pieces of equipment di- 
rectly associated with the aerial tramways. 





ADJUSTMENT FACTORS 


Aerial Tramway Length Factor The base curve is calculated for an aerial tramway 3 
km in slope length. To adjust the base curve for a different aerial tramway 

. slope length, multiply the costs obtained from the base curves by the following 

factors: 
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Labor factor (F,) = 0.113(L)+0. 660 


Supply factor (Fg) = 0.157(L)+0.528 


Equipment operation factor (Fp) = 0.226(L)+0.321 
where L = slope length, in kilometers. 


Bulk Density Factor The curve was based on material bulk density of 1,442.5 


kg/m> (92.0 1b/ft3) of material trammed (see table A-2 for average bulk den- 
sities of various materials). To adjust the base curve for a different material 
bulk density, multiply the costs obtained from the equipment operating curve by 


the following factor: 


Equipment operation factor (FR) = 0.00003(D)+0.957 
where D = density, in kilograms per cubic meter. 
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3.2. SURFACE MINING--OPERATING COSTS 

3.2.3. TRANSPORTATION 

3.2.3.4. LONG DISTANCE RAIL HAULAGE 

The following tablulation gives the average cost, in cents per metric ton- 
kilometer, for shipping mineral materials from the Mountain-Pacific territorial 
area (including Denver, CO) to any of the five territorial areas within the conti- 


nental United States. This information is valid as of January 1984. 


AVERAGE SHIPPING COSTS FOR MINERAL MATERIALS, cents per metric ton-kilometer 


Material shipped from Area destination 
Mountain-Pacific area Mount ain- UeSs 
ae average 

Metal lichornes< ee.) « areas o ods Sis 
Iron concentrates .t,..4.1.7+5 sols s 1.47 
Copper precipitates..... SSSSoe Sel 
Bauxite: Ores s sss chee ¢.clesie eel sie 2207 
Alumina! calcine secs seis wie sc ce ate 2.66 
Nonmetallic minerals!......... 2.68 
CrushedestoOne <7. cvstssciepsieielegeticenchs 411 
Sand or gravel. cs sprees artes 2.74 
Industrial’ sand. ecdiec ce ticle sists 2.54 
Refractories. sss vicet es etlasi ee 1.85 
CLAY FMINET.A lS stesis elelcvae « setete retire Zee 
Fertilizer imineralis <2. .9<ieetee 2.09 
BOrate Crude... vss teunutielererurausioscts 2 07 
SULEUN. oes sisles « sietale olere 4\cis oe eratene 2.34 
GYPSUM sCLUdC siya wtelers ae eae ste lets 3530 
Diatomaceous Garthid.es ccc ccc 222 
Nonmetallic minerals n.e.c.2.. 63 
COA Wael ote le teksVotats tele eistens toners Gaensiere ate 1.26 





Estimated. NA Not available. 

IMost nonmetallic ores, except fuels. 

2Includes agate, crude chalk, lithium, earth or soil, coral, rubidium, graphite, 
sericite, nepheline syenite, erates well drilling cores, crude topaz, vermiculite- 
nneroandee slag, perlite, cornwall, crystal quartz rock, quartzite, silaceous flux- 
ing ore, silica rock, and zeolites. 


Source: 1983 Carload Waybill Sample data collected by Dep. of Transportation, Federal 
Federal Railroad Administration, Office of Conrail. 








219 


Costs for shipping certain mineral materials from the Mountain-Pacific area to 
other areas may be not available for two reasons; first, shipments of these mater- 
ials has dropped dramatically during the last 10 yr, making evaluation of costs im- 
possible. Second, certain mineral materials are typically not shipped between two 
areas. For example, copper precipitates traditionally are never shipped out of the 
Mountain-Pacific area. 


To determine the total cost of transporting a specific mineral material, first 
select the appropriate cost from the tabulation, then multiply that value by the 
distance in kilometers the material is to be shipped, and also by the metric ton- 
nage to be shipped. Finally, divide the answer by 100 to get a value in dollars. 


Example: The cost for shipping 100,000 mt of fertilizer minerals from Denver, CO, 
to a point in the southern area 2,500 km away, is 


[ (2.05¢/mt *km)x(100, 000mt )x(2,500km)/(100¢/$) = $5,125,000. 
The following map shows the boundaries for the different territorial areas. 


To estimate the cost for shipping mineral materials from one point to another, ir- 
respective of territorial zones, use the following equation: 


Y = (15.359(D)~9+275) /100 
where D = distance, in kilometers, the material is to be shipped, 
and Y = cost, in cents per metric ton-kilometer. 


The resultant answer must be multiplied by the tonnage and the distance it is 
to be shipped to get a total cost in dollars. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.3. TRANSPORTATION 


3.2.3.5. LONG DISTANCE SURFACE CONVEYOR 


These curves cover the cost of transporting material from the mine via a single- 
flight conveyor belt reinforced with high-strength steel and cover a capacity range 
of 15,000 to 150,000 mtpd. The material is conveyed up a 10° slope for a dis- 
tance of 1 km. The conveyor availability is 94%. Usually, the material is crushed 
or screened at the mine site before being conveyed. Screen and crusher costs are 
not included in this cost but are covered in separate sections. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons material trans- 
ported per day. The curves are valid for operations between 15,000 and 150,000 
mtpd, operating three shifts per day. The curves include all daily operating and 
maintenance costs associated with the conveyor operation. 


BASE CURVE 


(L) Labor Operating Cost (Yz,) = 7.429(x)9+464 
The operating labor costs are distributed as follows: 


Small Large 
(15 to (50,000 to 
50,000 mtpd) 150,000 mtpd) 
DiveCtel abo fecie cleo sce so 6 71% 47% 
Maintenance labor......e. 29% 534 


The direct labor costs consist of the following typical range of personnel: 


Small Large Av salary 
CUS Eto (50,000 to per hour 

50,000 mtpd) 150,000 mtpd) (base rate) 
DDCTALOLG cae eat eis cates ¢ 64% 54% $16.25 
Assistant operator.....e. 364 46% 13.97 


The average wage for labor is $15.32 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.068 (x) 9-933 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost OG) oe 2.226 (X)9+358 


The equipment operating cost consists of 95% for repair parts and 54 for lubri- 
cation for the idlers and mechanical parts. 
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ADJUSTMENT FACTOR 


Length and Slope Factor To determine costs for varying conveyor lengths and 
slopes, multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.815+0.190(L) 


Supply factor (Fg) = [0.208+0.0794(S)][(L/1)] 


Equipment operation factor (FR) = L/1l 
where L = length of conveyor, in kilometers, 
and S = slope of conveyor, in degrees (S is between 09 and 15°). 


The cost for a decline conveyor is equal to that for a horizontal conveyor 
(0° slope). 
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3-2. SURFACE MINING--OPERATING COSTS 
3.2.3. TRANSPORTATION 


3.2.3.6. LONG-DISTANCE TRUCK HAULAGE 


The trucking industry has undergone intensive change since its recent deregula- 
tion. Truck transportation of mineral materials has shifted predominantly away 
from the class rate system to the bulk commodity method. This has corresponded 
with a decrease in the number of carriers and an increase in competition. Each 
carrier now determines its own rate and tariff schedules. 


Truck transportation costs as shown here cover the transportation of mineral mate- 
rials by 23-mt rear-dump trucks. The area covered includes the western contiguous 
United States. 


BASE CURVE 
The curves are based on the one-way distance (X), in kilometers, the material is 
hauled. The curves are valid for operations between 20 and 200 km. Costs deter- 
mined using these curves must be multiplied by the total tonnage to be hauled to 


obtain the final cost. 


The base curve determines costs for the transportation of each metric ton of miner- 
al materials via county and State maintained roads with less than or equal to 34 
grades. 


(T) Truck transportation (Yq 9%-3% GRADE) = 0-227(x)9+/15 


When the average grade of road is greater than 34%, but less than 64, a tariff 
factor is included with the base curve equation. 


(T) Truck transportation (Yq 3%-6% GRADE) = 0-180(x)9-909 


When the average road grade is equal to or greater than 64, a different tariff 
factor will have to be included with the base curve equation, modifying it to 


(T) Truck transportation (Yr 46% GRADE) = 0-179(x)9>963 
ADJUSTMENT FACTORS 
Long-Term Contract The final values arrived at through multiplying the tonnage by 
any of the three curves can be reduced by 104 to 204 if long-term hauling con- 


tracts are to be used. 


Tonnage If trucks with carrying capacities greater or less than 23 mt are used, 
the cost per metric ton should be modified accordingly. 








COST, dollars per metric ton 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.3. TRANSPORTATION 


3.2.3.8. SLURRY PIPELINE 


The operating cost curves for slurry pipeline cover the cost of transporting a 
slurry. The base curves are based on a slurry pipeline of 10 km in length with a 
lift of 150 m pumping solids at specific gravity of 4.3. The total cost is the sum 
of the three separate cost curves (labor, supplies, and equipment operation) at an 
adjusted feed rate (X), in metric tons material transported per day. The curves 
are valid for operations between 900 and 32,000 mtpd, operating three shifts per 
day. 


BASE CURVE 


(L) Labor Operating Cost og 13.940(x)9+445 
The operating labor costs are distributed as follows: 


Direct ‘PalbDOTeteieterctetelerelere ereteie 31% 
Maintenance labor.cecececee 69% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Control room operator.....e. 64 17.23 
Mill operator. cccscccccccee 49% 16.78 
Mill helper.ccccccccccccces 154% 13.66 
MUDD WA DOLE rs scrclsleieis cleloreteters 302% 11.68 


The average wage for labor is $15.11 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 4.259(x)9-676 
The supply cost consists of 89% electric power and 11% lime. 


(E) Equipment Operating Cost (Yp) = 3.652 (X)0-458 


The equipment operating cost consists of 100% for repair parts and materials. 
ADJUSTMENT FACTORS 
Specific Gravity Factor The base curve was calculated for a slurry pipeline pump- 
ing solids with a specific gravity of 4.3. To adjust the base curve for a 
different specific gravity, multiply the base curves by the following factors: 


Supply factor (Fs) = 0.0681(S)+0.707 


Equipment operation factor (Fp) = 0.074(S)+0.683 
where S = specific gravity of the solids. 


See the table A-3 in the appendix for average specific gravities. 
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Slurry Pipeline Length The base curve was calculated for a slurry pipeline of 10 


km in length. To adjust for different slurry pipeline lengths, multiply the 
base curves by the following factors: 


Labor factor (Fy) = 0.0026(P)+0.974 
Supply factor (Fg) = 0.0172(P)+0.828 


Equipment operation factor (FR) = 0.011(P)+0.890 
where P = length of pipeline, in kilometers. 


See the table A-3 in the appendix for average pipeline lengths. 


Slurry Pipeline Lift Factor The base curve was calculated for a slurry pipeline 


with a lift of 150 m. To adjust for different slurry pipeline lifts, multiply 
the base curves by the following factors: 


Supply factor (Fg) = 0.00163(L)+0.755 


Equipment operation factor (Fp) = 0.00104(L)+0.844 
where L = lift, in meters. 
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3.2. SURFACE MINING--OPERATING COST 
3.2.4. MINE PLANT GENERAL OPERATIONS 


eee t.4~«. GENERAL ITEMS 
COMMUNICATIONS, SANITATION, HOUSEKEEPING, FIRE 
PROTECTION, AND ELECTRICAL 


This set of curves covers the cost for the general operations customarily required 
in surface mining operations. Examples of services provided are plumbing, miscel- 
laneous repairs, rough and finish carpentry, incidental jobs, tire protection, 
electrical maintenance, and general housekeeping. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a feed rate (X), in metric tons ore and waste per 
day. The curves are valid for operations between 100 to 360,000 mtpd, operating 
three shifts per day. The curves include daily operating and maintenance costs 
associated with utility trucks, mobile cranes, fire trucks, various cleaning mate- 
rials, and electrical and plumbing supplies. 


BASE CURVE 


(YL LARGE) = 11.829(x)0-320 


The operating labor costs are distributed as follows: 


Direct Sa DO eewctele elocctotevckeletetere 0% 
Maintenance, Labor. os <is > sists 100% 


The labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to C1 000;to per hour 
1,000 mtpd) 360,000 mtpd) (base rate) 
Sranewoperaronr. seem lcs css 18% 7h $17.23 
PEAIOK@AN NET. cc, to's ote cis sisi sie 17% 6% 15.89 
Carpenter, ulsticlass. 3.1... = 7% Diees 
Carpenter, /rough...’. i... ..-< 172 64 16733 
Penera lWLADOLEY oe esas. 0 cnn 304 254 13.86 
meumber, tveensed «sis. 2 «ices = 54% Pe. 
Plumber, unlicensed........ - 4% 17266 
Welder, <)St CLASS: sles sets e's 18% 18% 16078 
MUG NES et Tales sv seis ciel esie soe <'s = 13% 14.56 
ROCCE TAC LAU sis oie e 5 os 06 50'0's aud = 9% 16.78 


The average labor cost is $15.86 per worker-hour (including burden and average 
shift differential). 


The size of the work force required for this work will vary from a small crew 
of 1 or 2 workers working a fractional day to possibly three shifts of from 50 
to 60 workers per day. 
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(S) 


Supply Operating Cost (Yg gmary) = 0-034(x) 1-000 
(Ys LARGE) = 0.201(x)9- 741 


The supply cost consists of 100% miscellaneous materials, such as lumber, paper 
towels, nails, cleansers, etc. 


(E) Equipment Operating Cost (Yp gmazz) = 0.050(x) 1-000 


(YR LARGE) = 1.306(x)9-528 
The general equipment cost component distribution is as follows: 


Small Large 
(100 to (1,000 to 
1,000 mtpd) 360,000 mtpd) 
Repair parts. ss curs ste ess eee 304% 37% 
Ruel Wands Lubes cmcevete¢etsettte res 65% 57h 


Tar Gis states a ip el ctetede coete arene cle De 6% 
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3.2. SURFACE MINING--OPERATING COST 
3.2.4. MINE PLANT GENERAL OPERATIONS 


3.2.4.6. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 2.2.4.2. when electric 
power is unavailable through a commercial power utility company or when it 
would be uneconomical to run power distribution facilities to the user. The 
total cost per kilowatt hour replaces the commercial Denver, CO, power rate 
used in other sections of this manual. 


These curves cover the cost of power production from a single portable power 
unit (see adjustment factor for multiple units) ranging from a small diesel 
generator with less than 100 kW output to a large gas turbine producing more 
than 20,000 kW of power. 


The total cost is expressed in terms of dollars per kilowatt hour for a spe- 
cific power output. The curves cover the cost of labor for overhauls and nor- 
mal repairs, parts for overhauls and normal repairs, and fuel and lube costs. 
The curves have been divided into three parts: the first part covering hori- 
zontal diesel generators from 18- to 400-kW output, the second part covering 
horizontal diesel generators from 400- to 2,900-kW output, and the last part 
covering gas turbine generators from 2,900- kilowatt to 23,600-kW output. 


Total cost is the sum of two separate cost curves (labor and equipment opera- 
tion) based on a specific power output rating (X), in kilowatts. The curves 
are valid for generators between 18- to 23,600-kW. The curves include all 
daily operating and maintenance costs associated with power production per 
generator unit. 


BASE CURVE 


To convert from kilovolt ampere (kV°A) demand to kilowatt power output esti- 
mate the power factor (PF). This may vary from 0.80 for electric motor cir- 
cuits to 1.00 for electric light circuits. The kilowatt output is then deter- 
mined by kV°A x PF = kW. (Power Output Determination - for surface mine 

power output (kW), see section 2.2.4.2. For underground mine and mineral pro- 
cessing plant power demand (kV°A), see sections 4.2.5.3. and 6.1.8.4.) 


(L) Labor Operating Cost (Yq, 18-400 Kw) = 0-169(x)7 9-466 
(Yr 400-2,900 kw) = 0-409(x)~0-480 


(YL 2,900-23,600 kw) = 0-008(x)~ 9-445 
The operating labor costs are distributed as follows: 


Direct Llaboretenw cee. eee 0% 
Maintenance labor....-cevee 100% 
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The labor costs consist of the following typical range of personnel: 


Ag salary 
per hour 
(base rate) 


PIC TATS. CS cic aletsis. clade Biatutele-as 1004 $18.11 


The average wage for labor is $18.11 per worker-hour (including burden and 
average shift differential). 


: The labor curves do not contain any operating labor costs since all units oper- 

: ate unattended in an automatic mode (some smaller units may not have automatic 
starting systems and would require a manual start). The only labor necessary 
is that which is required for maintenance and scheduled overhauls by mechanics. 


(E) Equipment Operation Costs (Ye 18-400 kw) = 0-145(x)~9-07> 
(Ye 400-2,900 kw) = 0-158(x)~9-070 


. (Ye 2,900-23,600 kw) = 0.131(x)-9- 122 
The general equipment operating cost component distribution is as follows: 


Repair parts Fuel and lube Tires 
Horizontal diesel: 
UB to -h00kWesekanr eee ewes 18.0% 13h 9% 
BOOST OM2R 900 kWoedscc ee: 12702 79% 9% 
Gas turbine: 
OOO sGOn2 3, 0 VULKW srectksers.ens 112% 7 hey 4 142% 


The parts category includes normal maintenance parts such as belts and pumps, 
and major overhaul items such as valves, injectors, brushes, and commutators. 
The fueling cost is based on $1.00/gal diesel fuel (at 7.093 1b/gal) or 
$3.20/1,000 ft3 of natural gas with a Btu rating of 1,050 Btu's per cubic 
foot. 


ADJUSTMENT FACTORS 


Sulfur Fuels Factor If high sulfur fuels are used, multiply the labor and parts 
costs by the following factor: 


Sulfur fuels factor (Fy) =~ 12333 


Power Rate If power is to be supplied by more than one unit, then the total power 
output should be divided by the number of required units to obtain the power 
output per unit (X) needed for entering the curves. 


Power Source For those cases where power is supplied to the mine and mineral pro- 
cessing plant from different sources as a result of geographic or economic con- 
straints, separate cost estimates, using this section, must be made to reflect 
the independent power outputs. This will result in different power costs for 
mines and mineral processing plants and must be accounted for separately in the 
mining and mineral processing sections of this manual. 
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3.2. SURFACE MINING - OPERATING COST 
3.2.4. MINE PLANT GENERAL OPERATIONS 


3.2.4.8. STOCKPILE STORAGE FACILITIES 


Stockpile operating costs, as determined in this section, are based on metric tons 
of stockpiled material reclaimed during a two-shift-per-day operation. The costs 
represented are only applicable for stockpiles formed and reclaimed by conveyors. 
The daily reclaim rate is typically about 67% of the stockpile's live storage capa- 
city. Total stockpile capacity is normally about 600% of the daily reclaim rate. 
For example, a coarse ore stockpile for a mill operating at 10,000 mtpd of ore has 
a live storage capacity of about 15,000 mt and a total stockpile capacity of 60,000 
mt. 


The total daily operating cost is the sum of three separate cost curves (labor, 
supplies, and equipment operation) based on the production rate (X), in metric tons 
material reclaimed from the stockpile per day. The curves are valid for operations 
between 2,000 to 200,000 mtpd, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Costs (Yz) = 7.229(x)9-503 
The operating labor costs are distributed as follows: 


Derect VabOL< cmc «sss elcceite 33% 
Maintenance labor..ccciecses 674% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MS CHANLG clotwrete ste areteresreterete e's 72.0% $17.99 
Conveyor Operator. .ccccccece 14.82 14.89 
MIDOECT cole cis (ole sls» o:0's © sie 60" 0% Lele 3320 


Average operating labor cost per worker-hour is $16.91 (including burden and 
average shift differential). 


(S) Supply Operating Costs (Yg) = 0.019 (x)0- 928 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Costs (Yp) = 4.643 (x)0-524 


The equipment operating cost consists of 94% for repair and maintenance parts 
and 64 for lubrication. 
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ADJUSTMENT FACTOR 


Shift-Reclaim Rate If a stockpile facility is operated one shift per day, multiply 
the daily reclaim rate by two; calculate the operating costs from the base 
curves using the adjusted reclaim rate; then decrease the calculated cost by 
50% to arrive at the adjusted cost. If the facility is operated three shifts 
per day, multiply the daily reclaim rate by 0.67; calculate the operating costs 
from the base curves using the adjusted reclaim rate; then increase the calcu- 
lated cost by 50% to arrive at the adjusted cost. 


aaa _ 
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3.2. SURFACE MINING--OPERATING COST 
3.2.4. MINE PLANT GENERAL OPERATIONS 


3.2.4.10.1. WATER AND DRAINAGE SYSTEM 
DRAINAGE AND DISPOSAL SYSTEM 


The curves apply to the most common dewatering method, which consists of pumping 
and disposing of water out of the mine. The curves are valid for an adjustable 
pumping head and distance of 110 m and 1.184 km, respectively. 


The total daily cost is the sum of three cost curves (labor, supplies, and equip- 
ment operation) having a water-pumping volume (X), in cubic meters of water per 
day. The curves are valid for operations between 100 to 60,000 m3/d, operating 
three shifts per day. These curves include all daily operating and maintenance 
costs associated with pumping, minor ditching, and other related items. 


BASE CURVE 


(L) Labor Operating Cost (Y,) = 0.149(x)9- 704 
The operating labor costs are distributed as follows: 


Direct La DO mes chetetetereletckarete tere 0% 
Maintenance labor...cccccee 1004 


The labor costs consist of the following typical range of personnel: 


Small Large Av salary 
CLOUsto (10,000 to per hour 
10,000 m3/d) 60,000 m3/d) (base rate) 
Mechanic Ist>class...... se 554 28% $16.78 
Mechanica 2nde clas. taisrste = 26% 15.89 
HEM DG Galere aletelsts ts ote lelcieie cteleteiste 45% 464 13.66 


The average wage for labor is $15.55 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.020(x)9+99> 


The supply cost consists of 100% electric power. Power is primarily used to 
overcome the static and the friction heads associated with pumping. 


(E) Equipment Operation Cost (Yr) = 0.352(x) 09-693 
The equipment operating cost consists of 97% minor parts and 3% lubrication 
with the daily cost related to pumping and minor pipe line, ditch, and sump 
maintenance. 
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ADJUSTMENT FACTORS 


Pumping Head Factor The operating cost curves are based on 100-m static head 
(lift) and 10-m friction head (in a standard new steel pipe line). For actual 
heads, multiply the costs obtained from the curves by the following factor: 


Pumping head factor (Fy) = H/110 
where H = actual head (static, friction, velocity, and fitting), 
in meters. 


For preliminary estimates of H, add to the actual static head (lift) 8 ms for 
each kilometer of new steel pipe line through which pumping is done. 


For accurate determinations of H, add to the actual static head the sum of 
friction, velocity, and fitting heads obtained from hydraulics handbooks for 
actual pipe quality, pipe diameter, and pipe line pumping distance. 


Pumping Distance Factor The curves are based on a pumping distance of 1.184 km 
(0.184 km in the mine and 1 km outside). For actual distances, multiply the 
costs obtained from the curves by the following factor: 


Pumping distance factor (Fp) = D/1.184 
where D = actual pumping distance, in kilometers. 
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3-2. SURFACE MINING--OPERATING COST 
3.2.4. MINE PLANT GENERAL OPERATIONS 


3.2.4.10.2. WATER AND DRAINAGE SYSTEM 
WATER SUPPLY SYSTEM (MAKEUP WATER) 


Water is used in surface mines for dust control on haulage roads and for equipment 
cooling. The water supply system operating cost for a surface mine (and/or an ad- 
joining mineral processing plant, section 7.1.8.14.2., IC 9143) is based on daily 
water consumption. 


The total daily cost is the sum of three separate curves (labor, supplies, and 
equipment operation) for a volume (X), in cubic meters of water per day. The 
curves are valid for operations between 1,000 to 150,000 m3/d, operating three 
shifts per day. The curves cover all daily maintenance and operating costs asso- 
ciated with water wells, storage tanks, pipelines, and distribution. 


These curves are valid for a total pumping head ranging from 260 to 330 m with an 
average of 291 m, and pumping distances ranging from 3 to 53 km. 


To estimate mine water demand, multiply the daily mine capacity (ore and waste) by 
0.07. The 0.07 factor is the approximate number of cubic meters of water required 
per metric ton mined. 


For mines where slurry transportation is required and a high percentage of water is 
reclaimed (e.g., Florida phosphate mines), 0.16 to 0.23 m3/mt of material 
slurried (dry weight) could be assumed to be a valid value for (X). 


If the total daily volume (mine and processing plant makeup water) is known, the 
manual user should enter this volume in the equations given below (unless the pro- 
cessing plant is supplied with water from an independent source). The total daily 
cost may be alloted as follows!: 


(a) 9% to section 3.2.4.10.2. (surface mine) 
(b) 91% to section 7.1.8.14.2. (mineral processing, IC 9143). 
BASE CURVE 


(L) Labor Operating Cost O46 wh 1.937 (x)9-445 
The operating labor costs are distributed as follows: 


Pere CAEP A DUT s eieie'e eis fe eys a sietare 0% 
Maintenance labors ow.cs c.o-9:6.0 1004 


Tpercentages derived from Bureau of Mines IC 8285 dealing with water con- 
sumption for U.S. mines and mineral processing plants. Different percentages may 
be used if an actual breakdown of mine and mineral processing plant water con- 
sumption is known. 
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The labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(1,000 to (13,100. to per hour 
13,000 m3/d) 150,000 m3/d) (base rate) 
Mechanic—welder.....cseeee 25% 142 kov33 
Bi pe lve Cer ste + ole sctctevere ae 34% 39% 22.60 
HELDOT sets oriselee ere sraleleseiejoidiets 41% 47% 1366 


The average wage for labor is $16.63 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.045(x)9+997 
The supply cost consists of 100% electric power. Power is required to overcome 
the static head (well depth and lift) and pipeline head losses. 


(E) Equipment Operating Cost Sg) te 0.054(x) 0-864 
The equipment operating cost consists of 954for parts and 5% for lubrication 
with the daily cost related to pipe lines, pumps, and storage tanks. 


ADJUSTMENT FACTORS 


Pumping Distance Factor To correct for actual pumping distance, D, multiply the 
costs obtained from the curves by the following factor: 


Pumping distance factor (Fp) = 0.850+1.948(D)(x)79+549 
where X = daily volume, in cubic meters per day, 
and D = actual distance, in kilometers. 


Because a change in distance results in a change in friction head, also multi- 
ply the costs by the dynamic head portion (16%) of the factor, Fy. 


Pumping Head Factor The curves are based on 244-m static head (well depth and 
lift) and a 47 m friction (dynamic) head. To adjust for actual total heads, H, 
multiply the costs obtained from the curves by the following factor: 


Pumping head factor (Fy) = H/291 
where H = the sum of static, friction, velocity, fitting, and discharge 
heads, in meters. 


Purchased Water If water is purchased, estimate the labor, supply, and equipment 
operation costs (from the delivery point to the mine and processing plant) and 
add them to the purchasing cost. 
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3.2. SURFACE MINING - OPERATING COST 


3.2.5. GENERAL EXPENSES 
ADMINISTRATIVE COSTS 


These costs include expenses incurred in the everyday operation of the plant and do 
not include general company overhead. The total daily cost is the sum of three 
cost curves (labor, supplies, and equipment operation) based on a production rate 
(X), im metric tons ore and waste per day. The curves are valid for operations be- 
tween 1,000 to 400,000 mtpd, operating three shifts per day. 


3.2.5.1. ADMINISTRATIVE SALARIES AND WAGES 


The general expense curve for administrative salaries and wages for surface mines 
is intended to cover the supervision and various other administrative functions re- 
quired for mines of varying sizes. The number of administrative (salaried) em- 
ployees varies from 4 persons working a single shift in the smaller mines to about 
100 in the larger mines. Note that the curve is based on the total tonnage moved 
in a single day, including waste and ore, and costs are per operating day of the 
mine. 


BASE CURVE 


(L) Administrative Salaries and Wages (Y;) = 7.683(X)0-606 


The direct labor costs (excluding equipment repair labor) consist of the 
following typical range of personnel: 


Small Large Av salary 
(1,000 to (40,000 to per hour 
40,000 mtpd) 400,000 mtpd) (base rate) 
Supervision (mine 
and maintenance).....ssee« 44% 41% $23.00 
Clerical (secretarial 
and accounting), .. + «ct 18% 207, 13.69 
Engineering 
(mining, geological)~...... 207, 217% 18.10 
Assaying and 
MOC WLUT o 1 Ca letetes erelere a erates Th 8% 14.43 
Purchasing and 
WATEGNOUS ING s cc co elele sicrstorsce ohete 7% 6% 14e12 
Safety, first 
AUG WISSCUGLEY stare) se leteieitic eles 34 47 18.85 


The average wage for labor is $17.87 per worker-hour (including burden and 
average shift differential). 
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Selected median annual salaries are as follows (without burden): 


MIMEMEODETANCENCEL Loses dc eccc esas vce cases $51,600 
GONETAL mine MLOTEMAN s siscaccccevecksceces 6 34,800 
General maintenance foreman...ccccccscces 33,600 
TIVE LOC LOCC LOLA si sls sles sisite ere 666 cise 6 ales 6 40,900 
Chief engineer. eccesccccccccscccccccsccces 49,000 
EngineersS and geologists. .cccrcccccccccece 35,900 
CLE re aCCOUNLATLtates is eb 4 00 o's 6s eras c/o 0 bee's « 42,000 
SAPS ty Md TTECE ORs cterelercla's che wrdleve cote eveve clalerctare 35,900 
Director Of purchaSesS..ccwccccccccvccccecs 42,000 
SECretaries pC LETKS srots sidielons oteless eclelee cele 13,900 


ADJUSTMENT FACTOR 


Burden Factor If the burden is other than 322, multiply the cost obtained from 
the curve by the following factor: 


Burden factor (Fy) = [(1+B)/(1.32)] 
where B = the known burden, expressed as a decimal. 


3.2.5.2. ADMINISTRATIVE PURCHASES 


(S) Administrative Purchases (Yo) a= 2.434(X)9- 553 
The curve for administrative purchases includes 254 for laboratory supplies; 
23% for miscellaneous fees, dues, donations, and professional and computer ser- 
vices when applicable; 21% for supplies for office, engineering, safety, and 
first aid; 124 for travel and entertainment; 11% for expenses for telephone, 
telegraph, and postage; 8% for small tools. 


3.2.5.3. ADMINISTRATIVE EQUIPMENT OPERATION 


(E) Administrative Equipment Operation (Yg) = 1.722(x)0-512 


This curve includes administrative equipment operation expense for vehicles 
such as sedans, pickups, forklifts, and flatbed trucks. The equipment oper- 
ating cost consists of approximately 724 for fuel, 134 for lubrication, 10% for 
repair parts, and 54 for tires. The average equipment usage is 26% of its 
available time. 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.6. INFRASTRUCTURE 


3.2.6.3. TOWNSITE-CAMPSITE 


CAMPSITE 


Where conditions such as remote location or seasonal operation require a single- 
status campsite (i.e., room, board, and recreation facility), the daily operating 
cost should be derived from the following base cost curve. Today a caterer is 
usually employed to provide board, housekeeping, and recreation supervision. Heat, 
lights, garbage disposal, and plant maintenance are usually provided by the owner. 


BASE CURVE 
The total daily cost is derived from the supply curve based on the total number 
of persons who occupy the campsite (X). The curve is valid for campsites occupied 


by 20 to 1,000 persons. All persons receive both room and board. 


(S) Supply Operating Cost (Yg) = 37.143(x)0-897 


Small Large 
(20 to (450 to 
450 persons) 1,000 persons) 

BOATG cia sie.siciel $s o10.0 Cujo eee a 6 oe 61.54 59.04 
Housekeeping and recreation 23.9% 23.0% 
Hitec Salis Getsle ctehile cs Sateiclcletels ¢ 6.4% 9.0% 
EUR Glee ovis slalele © o1cle Ces elths ois 2.4% ean 
Maintenance. ccccccccsccece 5.8% 5-64 


If the number of persons requiring board varies from the number of persons re- 
quiring room, use the following equation: 


(S) Supply Operating Cost (Yg) = [37.143(x)9-897][0.60(B/R)+0.40(R) ] 


where B = number of persons requiring board only, 
and R = number of persons requiring room only. 


These curves are based on a caterer who provides all necessary personnel for food 
service, housekeeping, distribution and collection of mail, monitoring recreation, 
etc., and all necessary supplies, such as pots, pans, dishes, silverware, sheets, 
pillow cases, blankets, waste cans, recreation supplies, janitorial supplies, food, 
etc. The evaluator must add the cost for local, State, or Federal taxes where re- 
quired. 


ADJUSTMENT FACTORS 


Owner-Operator Factor When the facility is owner-operated rather than catered, 
multiply the cost obtained from the curve by the following factor: 


Owner-operator factor (Fo) = 0.93 
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Diesel Power Factor When the electric power is provided by a diesel-electric system 
rather than a power line grid, multiply the cost obtained from the curve by the 
following factor: 


Diesel power factor (Fp) = 1.04 


TRAILER COURT 


Where conditions such as remote location or lack of available housing require in- 
stallation of a family trailer court complete with utilities, laundromat, recrea- 
tion facilities, blacktop driveway, and possibly swimming pool, the daily operating 
cost should be derived from the following two curves. The total daily cost is de- 
rived from the supply curve, based on the total number of trailer spaces, (X), re- 
quired. The curve is valid for trailer courts with 20 to 1,000 units. 


BASE CURVE 


The curves are based on trailer and facility maintenance, insurance, casualty 
insurance, supervisory and worker wages, plus overhead, heat, and lights. 


(S) Supply Operating Cost (Yg prep) = 49.514(x)9-590 
Company-owned mobile homes, spaces, and facilities where the trailers and 


spaces are free to supervisors and workers. The company pays all operating 
costs on the facility. 


(S) Supply Operating Cost (Yg penrep) = 1,676-049(x)—9+ 716 
Company-owned mobile homes, spaces, and facilities where the trailers and 


spaces are rented to supervisors and workers. The company pays for any loss on 
the facility. 


ADJUSTMENT FACTORS 


Swimming Pool Factor When the trailer court does not provide a swimming pool, 
multiply the curve (Yg prre) by the following factor: 


Swimming pool factor (Fp preg) = 0-82 
When the spaces and trailers are rented and the trailer court has 52 or more 
units it will show a profit. If there are less than 52 units multiply the 
curve (Ys RenTED), by the following factor: 

Swimming pool factor (Fp pentrp) = 0-05 


Trailer Space Rental Factor When the occupants rent trailer space for their own 
trailers, multiply the curve (Ys prep) by the following factor: 


Trailer space rental factor (Fg prRp) = 0-36 
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ZL 
PERMANENT HOUSING 


Company totally owned and operated townsites are decreasing in number because of 
their high cost and persistent social problems. The trend seem to be toward small 
family housing facilities combined with an existing nearby city. 


Large townsite permanent housing: 
Today, the military appears to be the greatest user of this type of facility. 
The Air Force provides housing to its officers and enlisted personnel. The 
Government pays for housing and facility maintenance, all utilities, supervi- 
sor, and worker labor, etc. The average operating costs for 1983 were: 


McCord Air Base - 993 units: $6.66 per day per unit 
Fairchild Air Base - 1,580 units: $6.93 per day per unit 


Small townsite permanent housing: 
These facilities are generally rented to their occupants at a modest fee with 
the company paying for the general maintenance, insurance, and taxes. Rent is 
applied to the capital investment. A new housing facility (175 family units) 
in the western U.S., cost the company $0.98 per day per unit to maintain. 


BASE CURVE 


The total daily cost is derived from the supply curve based on the total number of 
housing units, (X), required. The curve is valid for 140 to 1,900 housing units. 


(S) Supply Operating Cost (Yg) = 0.008(x)9-948 
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3.2. SURFACE MINING--OPERATING COSTS 
3.2.6. INFRASTRUCTURE 


3.2.6.4.1. WASTE WATER TREATMENT 
CLARIFICATION 


This operation is a solids-contact clarifier used for water clarification by pre- 
cipitation and/or coagulation. This cost curve is for removal of suspended solids 
formed after final neutralization of out-of-pipe effluent. The curve includes all 
principal costs associated with the operation of the unit. It does not include 
costs for sludge removal. The unit can selectively or simultaneously remove tur- 
bidity, color, organic matter, manganese, iron, alkalinity, taste, and odor. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a tank diameter (X), in meters. The curves are valid 
for tank diameters between 2.74 to 45.72 m (cross-sectional area ranging from 5.9 
po 1,642 m2), operating three shifts per day. Costs are based on an overflow rate 
of 0.377 (L/s)/m. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 38.931(x)0-119 
The operating labor costs are distributed as follows: 


Direct ig levoveen AEA A eas ae 100Z 
Maintenance labor...s.esese 0% 


The labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(S71 ZT to C75zt0 per hour 
75m) 1,661 m) (base rate) 
Pa DOTOT trie ec wis eee ee Lents 604 54% $13.66 
PAU ACOLY ss sic-c,eteeesisie.d 641s 40% 464 ipes9 


The average labor cost per worker-hour is $14.43 (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yo) = 1.083(x) 9-633 
The supply curve consists of electric power and maintenance supplies. 


Small Large 
Co, 2ntG CHOLED 
75 m) 1,661 m) 
Pes OC Ea eure wile c ahs Sais atalatel s 60% 34% 
Pat REO WARCE castes oe ee aie ie ore 40% 66% 


(E) Equipment Operating Cost (Yg) = 0.505(x)1-064 
The equipment operating cost consists of 100% for repair parts and covers the 
daily operation cost for all clarification equipment. 
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ADJUSTMENT FACTORS 


Flocculant Factor Normally, additional flocculants are not needed in the mine 
waste water treatment after neutralization. However, if polymers are needed or 
used, add the following factor to the supply cost obtained from the curve: 


Supply factor) )(fc)e= 0.334(pD)1-812 


where D = clarifier tank diameter, in meters. 


The polymer is based on a standard dosage of 1.5 mg/L influent and an average 
polymer cost of $2.10/1b. : 
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3.2. SURFACE MINING - OPERATING COSTS 
3.2.6. INFRASTRUCTURE 


3.2-6-4.2.- WASTE WATER TREATMENT 
NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d "Treatability 

Manual, Vol. IV, Cost Estimating,” April 1983, was the source of cost development. 

One is referred to that manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in the EPA manual. 


The operating cost curves are used when neutralization of waste water effluent (out- 
of-pipe) is required. The basic design variable is waste water flow. It is assumed 
that flow equalization is provided by a tailings pond. The costs apply to the neu- 
tralization of either acidic or basic waste water streams originating from mine, 
mill, or combined mine and mill after it flows out-of-pipe from the central impound- 
ment pond. In most mining operations further waste water treatment costs are not 
required. The system consists of chemical addition and two-stage neutralization 
tanks. It is assumed that pH and suspended-dissolved solid content of influent to 
the system will be unknown at this level of costing. Basis of design uses a stan- 
dard dosage of 100 mg/L lime and 100 mg/L acid to achieve a pH of 7.0 over a pH 
range of 6.5 to 8.0. 


BASE CURVES 


The total daily cost is the sum of three cost curves (labor, supplies, and equipment 
operation) based on the waste water flow rate (X), in liters of effluent to be 
treated per second per day. The curves are valid for operations between 0.001 and 
876 L/s (22.8 to 20 million gal/d), operating three shifts per day. The curves in- 
clude all costs associated with the operation of a neutralization system such as 
labor, lime, acid, power, service water, and laboratory expenses. 


(L) Labor Operating Costs (Yz) = 84.85(x)9-000 
The operating labor costs are distributed as follows: 


Direchrlapor.s oc oh cloves cisrsiso 1002 
Maintenance laboreececccecece 0% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
TADOLEGTL sls ce cic cla'ce cle eieieletetenete 89% $15.80 
TADOLACOLY « « sels o.clwle oie siete arate 11% 15.80 


The average labor cost per worker-hour is $15.80 (including burden and average 
shift differential). 
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(Ss) Supply Operating Costs (Yo 0.001-8. 76 L{s? = 24.13(x)9-950 
(Ys 8. 76-876 L/a) = 21-282(x)9-997 


The supply costs consists of electric power, water, and chemicals and lime in 
the following proportions: 


Small Large 
CO.001¢to (8.76 to 
8.76 L/s) 876 L/s) 
BLGCLTLOs DOWEL s alee ccs c's s'5s 3% 2% 
WACCE Sree ecs sss abe se wiila we ete 80% 89% 
Chemicals and lime......... es 9% 


(E) Equipment Operating Costs (Yr 9,901-8.76 L(s? = 8.44(x)9-099 
(YE 8,76-876 L/s) = 1-801(x)°-°°? 


The equipment operating cost consists of 100% for repair parts and covers the 
daily operation cost for all neutralization equipment. 
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COST, dollars per day 
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3.2. SURFACE MINING--OPERATING COST 


3.2.7. RESTORATION DURING PRODUCTION 


Mine restoration is the process of initiating and accelerating the natural contin- 
uous trend toward recovery (stabilization, etc.), the type of environment (desert, 
flatland, grasslands, mountains, etc.) and the restoration requirements by law in 
any given State (which range from none to very strict). Some states require per- 
mits prior to disturbing the ground surface. Typically, the permit specifies that 
the area must be reclaimed, hectare for hectare, to a use similar to the prior use 
or other beneficial use. Most restoration activities for mines include regrading 
and leveling plant sites (and revegetation of the disturbed area) but do not in- 
clude backfilling (in most cases backfilling is not required by law). 


If backfilling is employed in the restoration plan use the Excavation, Load and 
Haul Overburden and Waste section (3.2.1.4.), to obtain backfilling cost. The re- 
vegetation cost varies greatly depending on the method used (hand or machinery), 
materials used, type of seeds or plants, fertilizer, mulch, chemicals (such as lime 
for reducing acidity), and whether irrigation is necessary. Climate and ground 
slope are factors that determine the type and, therefore, the costs of restora- 
tion. The costs given in the following tabulation are representative costs for a 
specific restoration task. The actual cost could range higher or lower than the 
cost given in the table. 


Where restoration methods use motorized equipment, the cost components (from the 
Industrial Chemicals Index) are the following: 40% for labor, 40% for equipment 
operation, and 204 for supplies (fertilizer, seed, mulch, etc.). The cost compo- 
nents for equipment operation are 654 for fuel and lubrication, 25% for repair 
parts, and 10% for tires. If restoration work is accomplished manually, then the 
cost components (from the Industrial Chemicals Index) are 60% for labor and 40% for 
supplies. 




















263 


COST COMPARISONS OF RESTORATION METHODS 


Cost per 


hectare 


Remarks 


SPECIFIC RESTORATION WORK (INDEPENDENT OF CLIMATE OR GEOGRAPHY ) 
Revegetation on steep slope--roadside $1,000- Based on using 18 kg/ha of seed, 


slopes, tailing slopes, or waste dump 1,500 
slopes, using hydroseeder with fiber 

mulch. 
Transplanting trees or shrubs by hand 5,000 


on moderate to steep slopes. 


Sand and gravel restoration, includes 3,000 
placers; leveling, grading, topsoiling, 
reseeding. 


Annual maintenance (fertilizers added 160 
for above). 

Restoration of borrow pit - backfilling 400- 
leveling and reseeding. 600 


73 kg/ha of fertilizer, and ex- 
penses to use a boom crane, 
pickup truck, 2 equipment oper- 
ators, and a swamper. 

Assume 2,500 trees hand 
planted per hectare at $2 per 
tree or shrub. . 

Based on a typical sand-and- 
gravel operation near Denver, 
CO. 

Cost for applying fertilizer. 


None. 


RESTORATION IN HIGH ALTITUDE (MOUNTAINOUS) TERRAIN 


Regrading and reseeding - not including $4,000 Regrading for adequate drainage 


topsoiling. 
Maintenance (added to regrading cost). 130 
Topsoil removal not necessary for access 7,000 


to ore body--added to regrading cost 
(if necessary to remove topsoil to gain 
access to ore body, then only $1,300/ha 
of this cost would be attributed to 
restoration cost). 


to minimize erosion, seedbed 
preparation, and reseeding (in- 
cluding transplanting trees and 
shrubs). 


Purchasing-applying fertilizer-- 
applicationacost for yr.t If 
application is on area where at 
least 30-cm depth of topsoil has 
been added, only 1 year's appli- 
cation needed. If topsoil has 
not been added, then as many as 
4 applications may be required 
over a 6- to 8-year period. 

Using $2.30/m> cost of stockpil- 
ing soil to cover a disturbed 
area to a depth of 30 cm. As- 
sume topsoil moved and. emplaced 
once. If moved, then stored and 
moved again to final placement, 
cost could double). 


RESTORATION IN ARID AND SEMIARID LANDS 


Soil added $5,000 


Required to achieve restoration 
on only the most severely dis- 
turbed sites. Generally serves 
to accelerate the rate of a- 
chieving permanent self- 


sustaining vegetation. 
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COST COMPARISONS OF RESTORATION METHODS--Cont inued 


Cost per Remarks 
hectare 
RESTORATION IN ARID AND SEMIARID LANDS--Cont inued 
Seeding and irrigation in arid climate 12,000- Irrigation system cost (sprinkler 
on tailings dams, waste dump sites, 15,000 or drip tube) is estimated at 
road slopes. $8,000/ha. Water assumed to be 
pumped on site at annual rate of 
12,000 to 18,000 m3/ha at $63 
to $67 per 1,000 m? of water. 
Seed and fertilizer broadcast on surface 700 Minimum slope where seed will 
--no soil coverage or mulch. cover naturally with soil. Seed 
broadcast manually. 
Hydromulching with 680 kg wood fiber per 1,900- Most common southwestern U.S. hy- 
hectare plus seed and fertilizer. 2,500 dromulch mix; will hold seed and 
fertilizer in place on steep and 
smooth slopes. 
Straw or hay broadcast with straw blower 200 Very effective as energy absorber 
on surface at 3,400 kg/ha. and mulch. Not used on steep 
slopes. Cost increase signifi- 
cant if slopes over 14 m from 
access. 
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4.1. UNDERGROUND MINING--CAPITAL COSTS 


4.1.1. EXPLORATION 


Exploration costs and data were partly derived from mining and exploration companies 
and contractors. However, credit is given to Mr. William Salisbury of Salisbury and 
Dietz, Spokane, WA, for his generous supply of data and overall review. 


Exploration can be defined as all the activities and evaluations performed in order 
to locate and define mineral deposits for the purpose of extraction now or in the 
future. 


Exploration covers a wide range of activities from that of a prospector searching 
for mineral outcrops to the sophisticated equipment in ground or airborne surveys 
attempting to detect hidden mineral deposits, followed by extensive sampling and 
logging of excavations or drilling programs. 


An organized exploration program consists of the four following principal stages; 


Stage 1. Regional Appraisal 

Stage 2. Detailed Reconnaissance of Favorable Areas 

Stage 3. Detailed Surface Appraisal of Target Areas 

Stage 4. Detailed Three-Dimensional Sampling and 
Preliminary Evaluation 


Costs in this section are directed to those related to exploration activity at the 
level of "project" status. The point where a company's general exploration program 
is elevated to "project" status will differ from company to company (or project), 
but in general this transition is marked by such activity as land purchase or lease, 
claim staking, geophysical and geological surveys, drilling, etc. In any case, ex- 
ploration expenditures and efforts increase dramatically over a small unit area. 
Labor costs are the major cost component and drilling is most often the principal 
cost item for a project. Exploration costs will range widely depending on methods 
used, size of project, commodity sought, remoteness, terrain and vegetation condi- 
tions, weather, geologic complexity, etc. 


Detailed Surface Appraisal of Target Areas 


If the results of the detailed reconnaissance are favorable, they may indicate 
areas ranging in size from 3 to 130 km2 where more detailed in- vestigation is 
warranted. This stage of investigation would include all of the ground survey tech- 
niques or methods which were used in stage 2, but with more refinement, closer in- 
tervals, and greater detail. The methods or techniques used might include addition- 
al outcrop examination, geologic mapping, boulder tracking, rock and specialized 
sampling, and possibly assaying. In addition, the various ground geophysical stud- 
ies including gravity, magnetic, radiometric, seismic, resistivity, self-potential, 
and induced polarization would be made. Possibly, this stage would also warrant 
some trench excavation and drilling, plus field and laboratory tests. Unit costs 
for the various techniques or methods are given in the exploration tabulation. 
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Detailed Three-Dimensional Sampling and Preliminary Evaluation 


A detailed three-dimensional survey or sampling of a target area ranging in size 
from 1 to 25 km2 or more would be made if it appeared that an economical ore body 
existed. The sampling or survey would be made to determine boundaries or limits and 
depth, size, shape, mineralization, and grade. This stage of exploration would pro- 
bably include an extensive drilling program together with borehole logging and geo- 
logic mapping. Excavation of test trenches, shafts, and adits might also be includ- 
ed. Samples would be taken, field and laboratory tests would be conducted, and as- 
says would be made to permit econ- omic evaluations to be made. The cost of the 
stage 4 exploration could vary greatly depending on location, accessibility, ground 
cover, type of deposit, and the extent of a drilling or excavation program. Unit 
costs for various techniques or methods are given in the following tabulation. 
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Exploration 
Description Manpower ManhoursAmit Unit Cost Remarks 


Geological Methods: 
Surface geological 
MAPPINg...eceeeeeeeee 2 to 4 men 3 to 12/m2 ~—$75 to $275/m2__ Rate of production and cost depend 
on terrain, ground cover, complexity 
of geology, detail required, and 
scale of mapping. 


Geological inference.. $275 to $760/d A qualified geologist interpret data 
shown on maps, photographs, or field 
investigations. 


Geophysical Methods: 


Gravitational survey.. 1 geophysicist 12 to 50/ $380 to $1100/ Production varies from a few to 50 
2- to 3-man profile km profile km readings per day depending on type 
survey crew of equipment. Production also de- 


pends on station spacing and ter- 
rain. Surveying is the costly phase 
of method. 


Magnetic Survey: 
RETDONNC. scisssevess. L tO 5 MeN $50 to $90/line High sensitivity, helicopter, 

km plus #2 to magnetic, electromagnetic, radio- 

$16/Line km for activity surveys, etc., are usually 

interpretation taken concurrently from aircraft at 
400 to 800 line km/d. Production 
and cost depend on type of aircraft 
equipment, etc. 





Ground. .cccccsccseee 2 tO 3 men 4 to 6/ $160 to $180/ Production depends on precision, 
profile km line km spacing, of readings and type of 
$2.60 to $2.90/ readings, type of equipment, 
grid point weather, terrain, and mode of 


travel. 
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Exploration—Oontinued 
Description Manpower ManhoursAmit Unit (Ost Remarks 


Seismic survey: 
O- 150-m depth........ 2 to 7 mn 1 to 4/depth $35 to $110/depth Portable equipment with 5 to 15 
determination determination determinations per day. 


150-m depth......e0e6. 15 to 20 men 5 tol0/Mepth $180 to $270/depth Vibroseis equipment with 3 to 15 
determination determination depth determinations per day. 


Very low frequency...... 2 men $315 to $385/line Includes about $40/line km for 
kn. interpretation. 


Resistivity Survey...... 1 geophysicist 2 to 3/depth $57 to $114/depth None. 
1 to 4 asst. determination determination 


Electromagnetic Survey: 
ALrborne.cccccccccccce Usually taken concurrently with 
magnetic and radioactivity surveys 
from 1 aircraft at 400 line km or 


80 km2/d. 
Ground ceccsecsevesescs  LULO 4 men 1 to 6/line $163 to $390/ Readings taken at 25- 50-m intervals 
km line km covering 5 to 10 km/d; dependent on 
on type of equipment, terrain, and 
mode of travel. 
IMPeccccscecsccesoness 3 fen $4000 /Loop Parameters: Approximately 60-m by 
$1290/line km 120-m grid spacing; 430-m by 850-m 
$2900 /km2 loop; 10 lines, 15 stations/line; 


10.3 km2 costs include inter- 
pretation. 











Exploration—QOontinued 
Description Manpower ManhoursAmit Unit Oost Remarks 
Geochemical methods: 
Stream sediment 1 mn $19 to $38/m2 Depends on sampling interval ter- 
Sampling. .cccccccccee rain, access, and mode of travel. 
Reconnaissance soil 1 mn 0.05 to 0.20/ $11 to $24/sample 50 to 200 samples/d depending on 
Sampling. .cccccccccee sample access, terrain, ground cover, and 
geologic complexity. 
Hmus sampling...... $28 to $55/sample None. 
Biological sampling. $28 to $55/sample Do. 
Water samples....... $50 to $95/sample Do. 
Test pit: 
Trenching..cccccccccce Depends on whether hand or equipment 
excavated. 
Drie wgiseia cones veces it to % | men 0.1 to 2.0/m3 $2 to $55 m3 
Do. 
ROCKtcaciccccceesceees 3 men 0.2 to 3.5/3 $11 to $100 /m3 


Do. 
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Helicopter cost and comparison 


Approx Passenger Effective payload 
cost/h! | capacity2 (h.o.g.e.2), kg Speed, 
Sea level 2700m mph 

























Manufacturer 
and model 





Hiller-Soloy 12-J... 
Bell=Soloy*47G3...<% 
Be le2 GE cietetetetel alate ets 
Hughes 500C......00.~ 
Hughes” 500D..... 208 
SUD Allouette Lama.. 
Be Lie 2055 siwien anes oe 
Beli oi heteleec areas siete 


MPFR EE ND PD 


Pre 








lcharter rate, includes fuel. 
2Wwithout pilot. 

Hovering out of ground effect. 
4varies, maximum capacity given. 


Source: Modified and updated from William G. Salisbury. 


Analytic costs 


|assay | Geochenicat || | Asay | 





Geochemical 






















ALOMi NUM ese ese Leads sitte Si ste Aakete eee $2.15 
ANtPMONYs ce oss «ere LLGHTUms sc aareveretemis NAp 
AYSONTC rete eeteis cere MagneSium....eeeee 3730 
Bia GE uinietcetenetecs ate ele ManganeSe.....eee- etl 
Bex yililuum ersisitie at ake MGCCULY speresiels stcreiet. 4.22 
Basmuitlis «svete c's aie sre Molybdenum........ Poe fi 
Cadmiiitie ste cen ee geste NICK Lites cice's ost Pied Ks) 
Chromium. ace eel eree ¢ PLatanums sc ssecele secs NAp 
CODA Gio. sie os ctetenats POCASSIUM. Accs ss NAp 
CODPET orice oa le hence SIUC Ans a eretelerene azere NAp 
Copper oxide...... SUUVGTis cree ce cc elsiees Heer | 
FEPUOr nN Gis.g cca) eters 6 ate PUM S.C CM ore oie ers sueieie ete 
Gold and silver... Lid 1 Che Cavers 6 atereteierctete Bee 






DRO sists eistelere ses 0c) 6 
NAp Not applicable. 


NOTE--Sample preparation costs are assay--$1.85 and geochemical--$1.15. Semi- 
quantitative spectrographic analysis for 30 to 40 elements is $23.32. 
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Drill capacities (maximm, under ideal conditions) 



























































Approx 
Remnants wole ot Wil omy 4 oy ifingeae es ortatiereemp Mase ap Tay 
lb (kg) 
Truck mounted 
-hauled: 

: pes fcc. esl ND NAp 900 (3000) 600 (2000) NAp 4000 (1800) 
Longyear 24...... 270 (890) | 220 (720) NAp NAp NAp 1075 (490) 
Longyear 34...... NAp 520 (1700)! | 430 (1400)! | 340 (1100)! | 200 (700)! 3300 (1500) 
Longyear 38...... | NAp 940 (3100)! | 700 (2400)! | 580 (1900)! | 370 (1200)! | 3300 (1500) 
Longyear 44...... | NAp 1500 (5000)! | 1200 (3940)! | 936 (3070)! | 716 (2350)! | 5100 (2300) 
Diamond Drill DDC | Nap 550 (1800) 500 (1650) 300 (1000) NAp 1900 (860) 
CP 670 Rotary.... | NAp NAp NAp NAp +3002 (+1000)2 

He licopter 
transportable: 
Hydraulic Winkie.. | NAp 3003 (1000)3 | 240% (800)4 | 44-30° (100) | NAp 550 (250) 
Diameck 251....00. NAp 370 (1200) NAp NAp NAp 2500 (1100) 
Acker Mark III.... | NAp 520 (1700)! | 430 (1400)! | 340 (1100)! | Nap 2600 (1200) 
Acker Mark II..... | NAp 550 (1800) 495 (1625) 380 (1250) 340 (1100) 2860 (1300) 
gersol Rand TAW. Ap Ap Ap Ap 7602 (2500)2 


NAp Not applicable. 
Series wire line. 

2Rated capacity. 

STEX. 

ATAX. 

BW. 


NOTE: Figures are maximum capacities under ideal conditions. 
Source: Data from William G. Salisbury, Salisbury & Dietz Inc., as collected from literature and as provided 
by contractors, May 1980. 








Ja) ied 
DRILLING 

CORE DRILLING 
Core drilling varies from nonexistent to extensive, depending on many unknown fac- 
tors. Core drilling is performed on centers varying from 30- to 245 m and to 
varying depths. The following tabulation gives the average range of costs for core 


dia- meter and depth of hole for drilling medium hard rocks. Costs could be higher 
or lower depending on hardness, location, access, and weather conditions. 


Drilling cost, dollars per meter 












Drilling depth range, m 


150-300 300-450 





Size 450-600 











POS NAp 
NCoeee. $100 
NXUeeees, 90 
Bees 85 
Axeeeoe. 80 





IP X@eteneksietete 
NAp Not applicable. 
Primarily surface exploration core sizes. 


Subcontractor Factor If drilling is accomplished by a drilling subcontractor, 
multiply cost by 1.10 to compensate for subcontractor's markup. 


ROTARY DRILLING 


Conventional. eeeeveveeneevneev ee e0e02080 $125-$185/h; $7 -$36/m. 
Reverse circulation....esesees  $125-$185/h; $11-$39/m. 
Mobilization-demobilization... $1,500-$2,500 and $1.90-$2.20/km. 


PERCUSSION DRILLING 


Downhole! hamme rer. os clases ae $40-$59/m. 
Mobilization-demobilization... $1,500-$2,500 and $1.90-$2.20/km. 


CAUTION: Drilling costs are impacted significantly by demand. Costs correlate 
poorly with industrial inflation factors. Base costs here are representative of 
January 1984 costs, a time of low drilling demand and very depressed prices for 
drilling contractors. 
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Contract downhole logging costs--survey changes 










| Day | Week | Month | 


Plus cost 
per meter 


















Baeeawue ,anmna Tay LTentAl, cs. es eo sctecnesesioes 
Truck gamma ray surface profile resistivity: 

$0.69 
0.36 


NEE andi aie.3. 8 o\cis laler eth ciokt er etare 6.4.6.0 0 4 wee eve 


Weekly. eeeeeeeseeeeeteeeteeeseeeteeeeeeeeeeeeeeeeeeeee 
Monthly. eeeeeeseeeeeeeeeteenerteeseeeeeseeeeeeseseeeeee 
Directional surve eeeeeeeeeeeeeeseeeeeeeeeeeeee 


IMonth minimum. 


Loss of equipment charge--Contractee is charged for replacement value of 
equipment lost. Probes may cost $3,200 and cable may cost $2.30/m. 


Mobilization-demobilization charge - $50/d/person; $0.90/mile over 100 mile/d 
mobilization. 


GAS--MILEAGE: 


Assume on average, 80 mi/d for 18 days going to field project. 
Total miles = 1,440 miles. 

Assume 300 miles are driven each way going to and from project. 
Total miles = 600 miles. 





1,440 miles + 600 miles = 2,040 miles 
(2,040)($0.10/mi) = $204/month 


Assume: 20 working d/month, 10 days off/month (8 days rest and 2 days 
off, holiday, weather, project supervisor discussions). 


LABOR: 
Annual salary equivalent Sampling program 
(overhead ) work schedule 
SI Pe TV USOT bis oils «ait ofetie ats $3650003 (3529 4 d/month 
(includes travel, 
supervisory, and 
interpretation. ) 
Full-time geologist...... 26,000 (35%) Full-time 
(20 d/month). 
Part-time samplers... ... 18,000 (152%) Full-time 
(20 d/month). 
Annual cost plus $/sampling 
salary overhead Per month project month 
Pe BMP TUE OTielexeteics- oes slovbit $48,600 $4,050 $ 810 
1 full-time geologist.... BS eL00 2,925 22925 
) 1 part-time sampler...... 20,700 | ag bet he) 


. Fayecotal, Cor month, «. ss $5,460 
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TRAVEL: 
A. Per diem: Per diem Days on Total 

rate per diem per diem 
Supervisor. .ceccccces $50 2.75 $ 137.50 
Full-time geologist. 50 19.0 950.00 
Part-time sampler... 50 19.0 950.00 
2,037.50 

Per diem total for 
month. 2,038.00 


B. Vehicle Cost: 


Assume on average 300 miles to project area and 
80 miles driven to and from point of lodging. 


1. Geologist and Sampler 


Vehicle is 4 x 4 Ford Bronco, lease rate is $1,200 month, mileage free. 
Assume vehicle uses unleaded gas costing $1.10/gal at a rate averaging 12 
mi/gal. 


$1.10/12 = 9.2¢d/mi + 0.8¢/mi oil and lube = 10¢/mi 


ae Gas cost 
1. Miles to and from project area: 
300 mi/trip x 2 trips/work period x 2 trips/month 
= 1,200 mi/month. 


2. Miles to and from field lodging to project: 
17 one-way trips x 40 miles x 2 work periods 
= 1,360 mi/month. 


Total cost = (1,200 miles + 1,360 miles) (10¢/mi) = 
$256 /month. 


b. Four-wheel drive rental-lease - $1,200/month, unlimited 
mileage, Ford Bronco. 


2. Supervisor 


Assume supervisor makes one trip per month to project area. Day of travel 
each way. 


Assume vehicle cost of supervisor is 25d/mi. 


Monthly gas cost: 300 miles x 2 (one-way trips from main office) 


600 
40 miles x 2 (motel to project) = 80 


680 miles 


680 miles x 25d¢/mi $170/month. 
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3. Total Monthly Transportation Cost 


x GIWeHIO ese ase COSt oc cc cca ee $256 
Ze Dae Ae VENI 1A LEaABe “COBE s 6 scis'ss 1,200 
3. Supervisor vehicle-gas cost.... 170 

1,626 


SAMPLING SCHEDULE: 


20 d/month work schedule 
3 d/month travel (1.5 days spent on travel each 10-day work period) 
2 d/month laying out "zero" base lines 
0.5 d/month sample handling 


-5 days of nonsampling 
20 days less 5.5 days of nonsampling = 14.5 days of sampling per month. 
Sample rate (from Amselco, Inc., Montana) 
| 30° to 40° slope, average open conditions, 100-ft spacing, 2 


persons with Brunton and tape working from previously from Amselco, 
surveyed base line. Equals 65 samples/d. 


Total samples/month = 65 samples/d x 14.5 days = 942.5 
samples/month, 


en Flat and few obstructions, 100-ft sample intervals, esti- mated 100 
samples/8-h day. 


Total samples/month = 100 samples/d x 14.5 days = 1,450 samples/d. 


se Thick underbrush, e.g., blackberries, vine maple, possible swamp. 


- add extra 2 d/month for base line. 

- estimate 25 to 50 samples/d, based on sampling interval 
00 506) 25- FE. 

- will use 38 samples/d. 


(38 samples/d)(14.5 days - 2 days) = 475 samples/month. 
MISCELLANEOUS FIELD EQUIPMENT COSTS: 
Sample Cost: 
Assume 70¢/sample. Includes sample bag, label, area map, flagging- 
marking, and postage. Others would include field clothing and equipment. 
Sample Preparation and Drying Prior to Assay (from Amselco, going rate): 
Preparation.. $0.80 


RSET G te e's 6 s 0.25 
TOCA L Os soe 1.05 
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Total Sample Cost for Miscellaneous Field Equipment and Sample Preparation: 


$0.70 
Luo 
Lewd iD 


COST SUMMARY: 
Labor (monthly) 
DALAL Ycicle eee oretere s $5,386 
Per Avelersree eee ate 2035 


Transportation... 1,626 
TO Uae teteteleteteteters 9,050 





Initial sampling costs 


Cost per | Field equipment and 
sample! | sample preparation 





Total cost 





Condition 










Good, 1,450 samples per month......... 
Average, 943 samples per month........ 
Poor,) 4/5 samples per Monuhs oe sc. . s1s.e 






lIBased on a $9,050 labor cost per month. 


The above costs assume a relatively large long-term sampling program as opposed 
to a short 1-, 2-, 3-, or so, day sampling program. Per sample cost for the 
latter case could be substantially larger. 


The initial sampling costs were provided to an exploration contractor who is 
accustomed to doing this type of work. The contractor felt the initial 
sampling costs were low by $2.00 to $3.00 across the board. The explanation 
may be that additional in-office expenses are incurred such as planning, 
programming, plotting, map drafting, analytic plotting, etc. 


As a result, the initial per sample costs are increased to $2.50 and the totals 
are rounded to the nearest higher dollar. 


Sampling costs 


Sample | Field equipment and 
rate sample preparation 





Total cost 





Condition 










Good, 1,450 samples per month......... 
Average, 943 samples per month........ 
Poor, 475 samples per months. scecis cera 


lRounded. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.1. CLEARING 


The curve for clearing during preproduction development is based on estimated costs 
for medium-light growth on terrain with a side slope of 20% to 50%, one shift per 
day. Estimate one tree, 0.33 m in diameter, per 40 square m2. 


The total cost is the sum of three separate cost curves (labor, supplies, and equip- 
ment operation) having a clearing area (X), in total hectares. The curves are valid 
for operations between 1 and 1,000 ha (from 500 to 1,000 ha, the costs are expected 
to remain constant). The curves include all daily operating and maintenance costs 
associated with clearing a land surface for further development. 


BASE CURVE 


(L) Labor Operating Cost (Yz) = 2,171.220(x)70-120 
The operating labor costs are distributed as follows: 


Direct PADOT cctete ce lcieccle stele eve 847% 
Maintenance labor.eccccccees 164 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DOZEr OPETatoOrs eseccsecesees 21% 16.33 
Truck driver. csecccccccccccs 6% 15.89 
General laborer.cccccccceecs 7 3% 13.66 


The average wage for labor is $14.28 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 269.796 (X)—0- 0303 
For clearing operations from 1 to 500 ha, the supply cost consists of 784 fuel 
oil (for burning wood and scrub) and 22% tools, cables, and chokers. For 
clearing operations of 500 to 1,000 ha, the supply cost consists of 834 fuel oil 
and 17% tools, cables, and chokers. 


(E) Equipment Operating Cost (YR) = 667. 618(xX)—0-0672 


The general equipment cost component distribution is 


Repair parts Fuel and lube Tires 
Crawler, dozerSsscccccecvesce 514% 49% - 
Trucks, pickups, 
HG 14 1 RAWEs ele nies sie eis e100. 142 80% 6% 


The equipment operating cost consists of 87% for crawler dozers and 134 for 
trucks, pickups, and chainsaws. 
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ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factors: 


Brush factor (Yp LIGHT) =) 0.25 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 

Brush factor (Yg pgnsg) = 1-75 


Side Slope Factor For clearing on terrain with side slopes other than 204 to 504, 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 0% to 204, 
Side slope factor (Yg 9%-20%) = 0.8 
For clearing on terrain with side slopes of 504 to 1004, 
Side slope factor (Yg 59%-1900%) = 1-2 
For clearing on terrain with side slopes greater than 1004, 
Side slope factor (Yg 4190%) = 2-5 
Burning Factor When the burning of cleared brush and trees is prohibited because 
of environmental regulations, the brush and trees will have to be stacked or 
buried. If burning is prohibited, multiply the costs obtained from the curves 
by the following factors: 
Labor factors Ur, P= 1.2 
Supply factor (Fs) = 0.2 
Equipment operation factor Pepe =v le 2 
Equipment Factor Where it is necessary to purchase equipment, or have a subcon- 
tractor perform the work, multiply the equipment operation value by the fol- 
lowing applicable factor in order to obtain the total value of equipment ex- 


pense for ownership and operation: 


Shifts per Gay sles s ele vee ce ss iE 2 3 
ACEO Wisc sieleteieletelelsteteletetelereteters 175 1.56 1550 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup. 


Labor factor (F;) = 1.50 


Supply factor (Fg) = 1.20 


Equipment operation factor (Fp) = 1.20 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.2. CORE DRILLING 


Core drilling requirements vary considerably from mine to mine. For steeply dipping 
veins that require continuing development, as mining progresses down- ward, the 
amount drilled is relatively high; for near surface, flat-lying ore bodies for which 
grade and ore extent are easily determined, drilling require- ments will be minimal 
following initial exploration and development. For small to medium sized vein 
mines, 500 to 2,000 mtpd, typical drilling requirements range from 1,000 to 5,000 
m/yr; for large bulk operations, 5,000 to 50,000 mtpd, such as block caving mines, 
5,000 m/yr and greater are more typical. The evaluator should determine the approx- 
imate value appplicable in the instance under study. 


Surface rotary or diamond drills may also used for assay control and ore body defi- 
nition. This is especially true if the ore body is relatively flat lying and near 
surface. If the evaluator feels that this is characteristic of the case under 
study, the appropriate surface mining section should be consulted for pertinent 
costs. 


BASE CURVES 


The core drilling costs in this section are predicated upon utilizing a diamond 
drill capable of penetrating to 300 m, an AWG bit (hole size is 4.80 cm, 1.89 in), 
and an average penetration rate of 12.2 m per shift. All costs are per meter 
drilled and consider move and down time. Total costs for an in-house drilling 
program can be estimated as $44.75/n. 


The total cost per day is the sum of three separate cost curves (labor, supplies, 
and equipment operation) based on a drilling rate (X), in meters per day, times the 
cost per meter. Costs are based on an operating schedule of one shift per day. 


(L) Labor Operating Cost (Y,;) = ($21.38/m) (x) 
The operating labor costs are distributed as follows: 


Direct LabOreccehrclotsiece ete cretete 97% 
Maintenance labOrececccvvce £y4 


The operating labor costs are based on straight days pay, drilling bonuses have 
been ignored, and consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DeLIWVersi. csmnlcies 0/6 ele cial cleteters 50% $18.11 
Drillers helper.....ccesccce 504 13.66 


Average wage for labor is $15.89 per worker-hour (including burden and average 
shift differential). 
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(S) Supply Operating Cost (Yg) = ($20.67/m) (Xx) 
The supply cost consists of 702 drill bits, drill rods, and core barrel assembly 


parts, 74 electric power, and 23% miscellaneous items. 


(E) Equipment Operating Cost (Yp) = ($2.70/m) (x) 


The equipment operating cost consists of 48% for parts, 13% for lubrication, and 
39% for miscellaneous costs for drill and pump equipment. 


ADJUSTMENT FACTORS 


Cut /out Costs In many instances it is necessary to blast cut/outs for a drilling 
stations to ensure that the drilling crew does not impede traffic along the 
drifts. This is typically accomplished by a minimum of two rounds in either 
rib. This additional charge should be taken into consideration when deter- 
mining the total cost of the drilling program. For appropriate costs refer to 
the drifting section that would apply. 


Contractor Factor It has become standard within the industry for the drilling to be 
done by contractor. To adjust for this eventuality, the evaluator should 
increase the labor cost by 384. Equipment operation and supply costs will not 
be affected directly, however; all three categories (equipment operation, 
supplies, and adjusted labor) should be increased by an additional 35% for 
indirect field, local, and national overhead, and contractor profit charges. 
Multiply the costs obtained from the curves by the following factors: 


Labor factor (F,) = 1.86 
Supplyatactor Si(Fa)a* 1535 


Equipment operation factor (Fy) = 1.35 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.3. SINKING SHAFTS 


The total cost per meter is the sum of three separate cost curves (labor, supplies, 
and equipment operation) based on a face area (X), in square meters. The curves 
are valid for areas between 4 and 40 m2, with average advances of 1.9 m/d in the 
smaller shafts and 1.3 m/d overall in the larger shafts, operating three shifts per 
day. The curves are based on circular shafts with concrete lining. The total cost 
per meter is multiplied by the total meters of excavation needed during development 
to obtain the capital cost. 


Services installed in the shaft include guides, manways, and air, water, vent, and 
signal lines. Sinking is considered to be done with a sinking headframe. Costs 
for permanent hoisting facilities are included in section 4.2.3.1. (Hoisting 
Facilities). 


BASE CURVES 


(L) Labor Operating Cost (Yqz) = 615.595(x)0+542 
The operating labor costs are distributed as follows: 


Direct ia DO etekeichorsleloneieteieteten: 84% 
Maintenance Labor..ccccccce 16% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Miners c cictecies o cisistelete clenelacerece 34% $18.44 
HeWipe 25 cieteisteleisia eo siskele oieie ol arate 22% 15.09 
Sil DDOtibserele eee ¢ efelele.s eletelotels els 44% 17.04 


Average wage for labor is $16.35 per worker-hour (including burden and average 
shift differential) 


(S) Supply Operating Cost (Yg) = 182.051(x)9-558 
The supply cost consists of 214 explosives, 34% steel items, 38% miscellaneous 
items, 64 electricity, and 1% timber. Supplies include drill bits and steel, 
powder, caps, timber, hanging rods, vent line, compressed air pipe, pump line, 
water line, concrete line, blasting lines, and bell cord. 


(E) Equipment Operating Cost (Yp) = 681.476 (x)9+407 


The equipment operating cost consist of 88% for repair parts, 7% for fuel and 
lubrication, and 54 for tires (tires used on topside crane and loader servicing 
the shaft sinking). The equipment operating curve covers daily maintenance and 
repair, repair parts, and lubrication for drills, fans, muckers, and other 
equipment used to sink the shaft. 
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ADJUSTMENT FACTORS 
Rock Hardness Factor Shaft sinking productivity is directly related to rock hard- 
ness. If the compressive strength of the rock is known, or an estimate can be 
made from table A-l, multiply the costs obtained from the curves by the follow- 
ing factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.388(c)0- 093 
Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


Timber Factor If the shaft is to be lagged with timber instead of lined with con- 


crete, multiply the costs obtained from the curves by the following factor: 


Timber factor (Fr) = 0.482(x)0-077 
where X = face area in square meters. 


Assume a timber-lined shaft would have a rectangular configuration. 


COST, dollars per meter depth 


10,000 


100 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.4.1. DRIFT DEVELOPMENT 
SMALL DRIFTS FOR RAIL HAULAGE 


Costs derived from these curves apply to drifts with average rock hardness, abra- 
siveness and standing characteristics are assumed. Advance rates range from 2 to 3 
m/d, with productivity averaging 0.39 m per worker-shift. It has been assumed that 
10% of the drift will require support consisting of 6-ft expansion shell rock bolts 
on a regular pattern. Drilling is accomplished with 3-in jacklegs. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
track laying, lunch, and travel. Muck is loaded into 2- or 3-yd3 development cars 

using an overshot mucker. Blasted material is hauled an average of 200 m to either 
a fill point or reconveyance point (ore pass, hoisting station, etc.). The expense 
of additional handling must be added through the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 3 and 12 m2, operating two shifts per day. The cost per 
meter is multiplied by the total meters of drift needed for development to obtain 
the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yy) = 79.926(x) 9-764 
The operating labor costs are distributed as follows: 


Direct Bra DO Tie oteteto cial ctee cs telere 95% 
Maintenance LaDOTs «so + 6.es My 4 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(3 to (6 to per hour 

6 m2) 12 m2) (base rate) 
Maat TS aly ss 4's s\e.6's 6 elelecs sisie-s'e's 904 834 $18.31 
HGLDGLSs «css 0 sss sae ss 0 cle sins - 11% 13.86 
Motor OperatorSececccccvoce 104% 6% 16.09 


Average wage for labor is $17.56 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 734283(X)0+602 
The supply cost consists of 44% steel items, 23% explosives, 10% drill bits and 
steel, 104 ventilation materials, 54 material waste, 4% timber, 3% ballast, and 
1% electricity. Supplies include drill bits and steel, powder, caps, 
primacord, rock bolts, water pipe, compressed air pipe, electricity, steel 
rail, ties, ballast, ventilation tubing, and material waste. 
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(E) Equipment Operating Cost Obs 4.869 (x)9-647 


The equipment operating cost consists of 73% for maintenance and overhaul parts, 
11% for fuel, 8% for ground engaging components, and 8% for lubrication. The 
equipment curve covers daily maintenance and overhaul parts, fuel, lubrication, 
and ground engaging components. Equipment used in drifting includes jacklegs, 
overshot muckers, ore cars, jackhammers, locomotives, and auxiliary fans. 
ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 

If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor (En) = 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9- 033 
where C = compressive rock strength in pounds per square inch. 


Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 1.08 
Supply factor (Fg) = 1.10 
Equipment operation factor (Fr) = 1.16 


Timbering Factor If the drifts require timbering, multiply the costs obtained from 
the curves by the following factors: 


Labor factor (F,) = 1.30 
Supply factor (Fs) = 1.39 


These factors will account for standard cap-and-post timbering plus lagging for 
the entire length of the drift. 





COST, dollars per meter drift length 


1,000 


100 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.4.2. DRIFT DEVELOPMENT 
SMALL DRIFTS FOR RUBBER-TIRED HAULAGE 


Costs derived from these curves apply to drifts with average rock hardness, abra- 
siveness and standing characteristics are assumed. Advance rates range from 2.4 to 
3.6 m/d, with productivity averaging 0.49 m per worker-shift. It has been assumed 
that 10% of the drift will require support consisting of 6-ft expansion shell rock 
bolts on a regular pattern. Drilling is accomplished with 3 in jacklegs. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
lunch, and travel. Mucking is accomplished using an LHD unit. Blasted material is 
hauled an average of 200 m to either a fill point or reconveyance point (ore pass, 

hoisting station, etc.). The expense of additional handling must be added through 

the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 4 and 12 m2, operating two shifts per day. The cost per 
meter is multiplied by the total meters of drift needed for development to obtain 
the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Ymes 72.721(x) 0-685 
The operating labor costs are distributed as follows: 


Direct a bOTetetetelerstevets tehewetetele 96% 
Maintenance labor..ccceece 4% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(4 to (8 to per hour 
8m2 ) 12 m2) (base rate) 
MinGrgisue oss c  cfetetere e cletetelere sie’ 842% 83% $18. 31 
HE UDEraa sss cists ccrerelsiesierers tele 164 11% 13.86 
LHD OperatorS.ccoccccccccecs - 64 16.53 


Average wage for labor is $17.30 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yo) = 43.313(x)0-687 
The supply cost consists of 334 steel items, 33% explosives, 15% ventilation 
materials, 13% drill bits and steel, 54 material waste, and 1% electricity. 
Supplies include drill bits and steel, powder, caps, primacord, rock bolts, 
water pipe, compressed air pipe, electricity, ventilation tubing, and material 
waste. 
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(E) Equipment Operating Cost (Yp) = 1.360(x)1-188 
The equipment operating cost consists of 64% for maintenance and overhaul parts, 
18% for tires, 134 for fuel, and 54 for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drifting includes jacklegs, LHD's, auxiliary fans, and scissor lifts. 
ADJUSTMENT FACTORS 


Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor LET) i 0.388(c) 9-093 
Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9+ 933 


where C = compressive rock strength, in pounds per square inch. 


Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor CFp)ae 1.10 
Bapplyetactor .ad hole le S 


Equipment operation factor (Fp) = 1.11 


COST, dollars per meter drift length 


1,000 


100 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.4.3. DRIFT DEVELOPMENT 
MEDIUM DRIFTS FOR RUBBER-TIRED HAULAGE 


Costs derived from these curves apply to drifts with average rock hardness, abra- 
siveness and standing characteristics are assumed. Advance rates range from 5.4 to 
6.0 m/d, with productivity averaging 0.71 m per worker-shift. It has been assumed 
that 10% of the drift will require support consisting of 6-ft expansion shell rock 
bolts on a regular pattern. Drilling is accomplished with two- or three-boom 
jumbos. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
lunch, and travel. Mucking is accomplished using an LHD unit. Blasted material is 
hauled an average of 200 m to either a fill point or reconveyance point (ore pass, 

hoisting station, etc.). The expense of additional handling must be added through 

the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 6 and 20 m*, operating two shifts per day. The cost per 
meter is multiplied by the total meters of drift needed for development to obtain 
the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yj) = 86.960(x)9+349 
The operating labor costs are distributed as follows: 


Direct Wa DOT sic lecelevalelereielevetoicle 93% 
Maintenance LabOtssss ses «ss 7% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(6 to (13 to per hour 

13 m2) 20 m2) (base rate) 
MEETS eis eisslsiere o1s's 6) 4/0. 6's 5.0.83 69% 67% $18.31 
eC Osis cs ais 9.5 0416 de e066 40 21% 20% 13.86 
LHD Operators. cecccccccccece 104% 7% 16.53 
Utility workersS..ccccccccss = 64% 16.98 


The average wage for labor is $17.21 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost CYo)e= 27.390(x)9-855 
The supply cost consists of 534 steel items, 29% explosives, 12% ventilation 
materials, 54 material waste, and 1% electricity. Supplies include drill bits 
and steel, powder, caps, primacord, rock bolts, water pipe, compressed air pipe, 


electricity, ventilation tubing, and material waste. 


292 


(E) Equipment Operating Cost (Yg) = 4.497(x)0-684 


The equipment operating cost consists of 574 for maintenance and overhaul parts, 
24% for tires, 14% for fuel, and 54 for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drifting includes jumbo mounted drifters, LHD's, jacklegs, auxiliary 
fans, and scissor lifts. 
ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 

If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor aD GS 0.388(c)9-093 

Supply factor (Fs) = 0.579(c)0-054 


Equipment operation factor (Fp) = 0.715(c)9+ 033 
where C = compressive rock strength in pounds per square inch. 


Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor CP eee ls08 
Supply factor (Fs) = 1.14 
Equipment operation factor (Ee) =a? 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained from . 
the curves by the following factors: 


Labor factor (F;) = 1.03 
Supply-factor» »(Fs)) #51624 
Equipment operation factor (Fp) = 1.15 


Concrete Factor If the drift is to be lined with concrete, multiply the costs 
obtained from the curves by the following factors: 


Labor factor (F;) = 1.64 
Supply factor (Fo) = 1.72 


Equipment operation factor (Fp) = 2.26 
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Steel Set Factor If steel sets are to be used, multiply the costs obtained from the 
curves by the following factors: 


Labor factor (Fy; = 1.37 
Supply factor (Fg) = 2.47 


Equipment operation factor (Fr) = 1.19 


294 


1,000 


COST, dollars per meter drift length 


Underground Mining—Capita!l Costs 


paarner on array] ee a 
| |¥_= 86.960(X) 


0.855 
Yo= 27.390(X) 





FACE AREA, square meters 


4,2.1.4.3. Drift development 
MEDIUM DRIFTS FOR RUBBER—TIRED HAULAGE 








295 
4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT ‘ 


4.2.1.4.4. DRIFT DEVELOPMENT 
LARGE DRIFTS FOR RAIL HAULAGE 


Costs derived from these curves apply to drifts with average rock hardness, abra- 
siveness and standing characteristics are assumed. Advance rates range from 5.0 to 
6.8 m/d, with productivity averaging 0.57 m per worker-shift. It has been assumed 
that 10% of the drift will require support consisting of 6-ft expansion shell rock 
bolts on a regular pattern. Drilling is accomplished with 3 in jacklegs. 


The drifting cycle includes drilling, loading, blasting, OnE ng, mucking, scaling, 
track laying, lunch, and travel. Muck is loaded into 6-to 10-yd’ development 

cars using an overshot mucker. Blasted material is hauled an average of 200 m to 
either a fill point or reconveyance point (ore pass, hoisting station, etc.). The 
expense of additional handling must be added through the hoisting and/or haulage 
curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 8 and 25 m2, operating two shifts per day. The cost per 
meter is multiplied by the total meters of drift needed for development to obtain 
the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 27.037(x)9-°857 
The operating labor costs are distributed as follows: 


Direct Wa DOT etelc clelctes cio crotets'6 90% 
Maintenance labor...ececece 10% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(8 to (16 to per hour 

16 m2) 25 m2) (base rate) 
PINOT Sas ols sees csicie's 6 avie ee 6.8 734 68% $18.31 
HelperSecccccccccccvcccvcce 12% 17% 13.86 
Utility workerS..ccccsccces 8% - 16.98 
Track WOrkerSececccccccvece - 9% 16.53 
Motor OperatOrS.cccccccccee 7% 64% 16.09 


The average wage for labor is $17.34 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 63.689 (x) 09-693 
The supply cost consists of 53% steel items, 19% explosives, 10% drill bits and 


steel, 8% ventilation materials, 54 material waste, 34 timber, 1% ballast, and 
1% electricity. Supplies include drill bits and steel, powder, caps, primacord, 
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rock bolts, water pipe, compressed air pipe, electricity, steel rail, ties, 
ballast, ventilation tubing, and material waste. 


(E) Equipment Operating Cost (Yp) = 1.437 (x)1-056 


The equipment operating cost consists of 83% for maintenance and overhaul parts, 
9% for ground engaging components, 4% for fuel, and 44 for lubrication. The 
equipment curve covers daily maintenance and overhaul parts, fuel, lubrication, 
and ground engaging components. Equipment used in drifting includes jumbos, 
overshot muckers, ore cars, jacklegs, jackhammers, locomotives, scissor lifts, 
rail tampers, roof bolters, and auxiliary fans. 
ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.388(c)9-093 
Supply factor (Fg) = 0.579(c)0-054 


Equipment operation factor Ce) = 0.715(c)9- 933 
where C = compressive rock strength, in pounds per square inch. 


Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor (F,;) = 1.02 

Supply factor (Fs) = 1.09 

Equipment operation factor (FR) = 1.23 

Dual Track Factor To account for two sets of tracks in the drift, multiply the 

costs obtained from the curves by the following factors: (drifts greater than 
16 m2): 

Labor factor CEyy sabe 1 

Supply factor (Fs) = 1.26 


Equipment operation factor (Fp) = 1.17 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained 
from the curves by the following factors: 


Labor factor (Fy) = 1.02 
Supply factor (Fg) = 1.16 


Equipment operation factor (Fg) = 1.15 
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Concrete Factor If the drift is to be lined with concrete, multiply the costs ob- 


tained from the curves by the following factors; 
Taboreractor atky Ji 1.52 
pupplystactor: pp(Fode*eis 81. 


Equipment operation factor (Fr) = 2.14 


Steel Set Factor If steel sets are to be used, multiply the costs obtained from 


the curves by the following factors: 
Labor, factor; 3 <Fy) =71.29 
Supply factor (Fs) = 1.95 


Equipment operation factor (Fp) = 1.10 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.4.5. DRIFT DEVELOPMENT 
LARGE DRIFTS FOR RUBBER-TIRED HAULAGE 


Costs derived from these curves apply to drifts with average rock hardness, abra- 
siveness and standing characteristics are assumed. Advance rates range from 4.6 to 
5-4 m/d, with productivity averaging 0.55 m per worker-shift. It has been assumed 
that 10% of the drift will require support consisting of 6-ft expansion shell rock 
bolts on a regular pattern. Drilling is accomplished with two- or three-boom 
jumbos. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
lunch, and travel. Mucking is accomplished using front-end loaders and trucks. 
Blasted material is hauled an average of 200 m to either a fill point or reconvey- 
ance point (ore pass, hoisting station, etc.). The expense of additional handling 
must be added through the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 20 and 50 m2, operating two shifts per day. The cost per 
meter is multiplied by the total meters of drift needed for development to obtain 
the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 43.360(x)9-542 
The operating labor costs are distributed as follows: 


Direct ai DO Getetats ote etetetere eaters 91% 
Maintenance labor..ececcccce 9% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(20 to (35 to per hour 

50 m2) 50 m2) (base rate) 
MOLAR cle cals vidiens. sie 's 0.6 sle'e 6 6 684 59% $18. 31 
PEPORT Go aise t'cs oc wus 9 470. eaters 11% 20% 13.86 
Loader OperatorS.ccceccccce 7% 6% 16.53 
Utility workerS.ccccccecene 14% 154 16.98 


The average wage for labor is $17.28 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yo) = 57.018(x)9-617 
The supply cost consists of 34% explosives, 33% steel items, 15% drill bits and 
steel, 12% ventilation materials, 5% material waste, and 1% electricity. Sup- 
plies include drill bits and steel, powder, caps, primacord, rock bolts, water 


pipe, compressed air pipe, electricity, ventilation tubing, and material waste. 
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(E) Equipment Operating Cost (Yp) = 4.144(x)9- 661 


The equipment operating cost consists of 60% for maintenance and overhaul parts, 
254 for fuel, 11% for tires, and 4% for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drifting includes jumbo mounted drifters, front end loaders, jacklegs, 
auxiliary fans, and scissor lifts. 


ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 
Labor s factor GE ais 0.388(c)9-093 
Supply factor (Fs) = 0.579(c)0-+054 


Equipment operation factor (FR) = 0.715(c)9- 033 
where C = compressive rock strength, in pounds per square inch. 


Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor CEp) ale? 
Supply factor ~ (Fco)«= 1.13 
Equipment operation factor (Fp) = 1.31 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained from 
the curves by the following factors: 


Laboretactor |) (Fr )4= 91.03 
Supply factor (Fs) = 1.19 


Equipment operation factor (Fp) = 1.15 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.4.6. DRIFT DEVELOPMENT 
DRIFT-TUNNEL BORING 


This section covers costs associated with a mine using drift-tunnel boring machines 
(TBM's) and associated equipment. 


The total cost per meter is the sum of three separate cost curves (labor, supplies, 
and equipment operation) based on the excavated machine diameter (X), in meters. 
The curves are valid for diameters between 2.74 and 10.67 m, operating two shifts 
per day. The cost per meter is multiplied by the total meters of drift or tunnel 
needed for development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Y;) = 142.640 (x)9-000 
The operating labor costs are distributed as follows: 


Direct LTabore oo iicce te oc eieiecleie.e 62% 
Maintenance laboreeeecccevce 38% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 
per hour 
(base rate) 
ODEGTatO Geiss sce a sete stetel eters stele 14% 18.31 
He UpPers.s «so 0 sis so 0 sisletae 22% 13.86 
SUDDO Tt viens sieielece Ee ess) ojprerstels ete 642 16.27 


The average wage for labor is $15.92 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yo) = 2.845(x)1-896 
The supply cost consists of 814% drill and cutter bits, 5% lubrication, 13% elec- 
tricity, and 1% miscellaneous items. Supplies include oil, filters, wear items, 
and power. 


(E) Equipment Operating Cost (Yes 1.135(x)3-016 


The equipment operating cost consists of 69% for maintenance and overhaul parts 
and 314 for cutter costs. The equipment operating curve covers daily mainte- 
nance and repair, repair parts, and cutter costs. 


ADJUSTMENT FACTOR 
Contractor Factor A contractor is often used with drift-tunnel boring because of 


the specialized nature of the machinery. If a contractor is used, multiply the 
costs obtained from the curves by the following factor: 


Labor factor (F;) = 1.94 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.5.1. RAISE DEVELOPMENT 
DRIVING RAISES 


The costs calculated from these curves represent two-compartment, conventionally 
driven raises. It is assumed that the raises are timbered and lagged, and contain 
water and compressed air lines. Advance rates range from 0.83 m per worker-shift 
for a 2.3 m2 raise to 0.49 m per worker-shift for a 9.3 m* raise. It is assumed 
that blasted material is hauled an average distance of 200 m to a conveyance point 
(ore pass, hoisting station, etc.) using rail mounted equipment. If the material is 
to be hauled out of the mine, the tonnage attributed to raising should be added to 
the haulage curves for the period of time necessary to complete the raise. ‘ 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 2 and 9.5 m2, operating two shifts per day. The cost per 
meter is multiplied by the total meters of raise needed for preproduction develop- 
ment to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yyz) = 134.819(x)0-438 
The operating labor costs are distributed as follows: 


Direct a DO Tioteteereteleve elects sets 96% 
Maintenance labor...cccoeee 4% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 





Small Large Av salary 

(2 to (6 to per hour 

6 m2) 9.5 m2) (base rate) 
MIN@TS visiste «cles orcisie lela (s ctatereiens 85% 764 $18.31 
HEU per sc cicichsloketaletelsletstele sis cislete 12% 19% 13.86 
Motor OperatorS.ceccccccecs 3% 5% 16.09 


The average wage for labor is $17.53 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 109.009(x)9-526 
The supply cost consists of 514 timber, 19% explosives, 10% steel pipe, 10% 
ventilation materials, 4% material waste, 54 drill bits and steel, and 1% 
electricity. Supplies include drill bits and steel, powder, caps, lead wire, 
water pipe, compressed air pipe, vent duct, electricity, and timber. 


(E) Equipment Operating Cost (Yp) = 2.267(x)9+/57 


The equipment operating cost consists of 57% for maintenance and overhaul parts, 
33% for ground engaging components, and 104 for lubrication. The equipment 
curve covers maintenance and overhaul parts, ground engaging components, and 
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lubrication. Equipment used for raising includes stoper drills, fans, locomo- 
tives, ore cars, and overshot muckers. 


ADJUSTMENT FACTORS 





|| Timber Factor If the raise is not timbered and lagged, multiply the costs obtained 
from the curves by the following factors: 


Labor factor (F,) = 0.76 

Supply factor (Fg) = 0.50 
These factors will account for the fact that the only timber needed will be for 
ladders, landings, and drill platforms (stull supported), and that the labor 
will be reduced since no timber installation time will be required. 

Raise Climber Factor If a raise climber is used, construction time is signifi- 
cantly reduced, but an extra piece of equipment is required. To modify the 
costs, multiply the costs obtained from the curves by the following factors: 

Labor factor Cry) = 03 50 
Equipment operation factor (Fp) = 1.44 

Rubber-Tired Equipment Factor If an LHD is used for muck disposal, it is assumed 
that the overshot mucker, battery locomotive, and rail cars would be eliminated. 
To compensate for this, multiply the costs obtained from the curves by the 
following factors: 

Labor factor CF) =70<99 
Equipment operation factor (Fr) = 1.25 

Steel Chute Factor The placement of a steel chute, with an air piston activated, 
reverse guillotine steel door, at the bottom of a raise requires additional 
labor and supplies. However, the need for an overshot mucker is eliminated. To 
account for the additional expense, for each raise, add to the costs obtained 
from the curves the following amounts: 

Labor factor (F,) = $1,172.00 
Supply factor (Fs) = $6,940.00 


To account for the absence of the overshot mucker multiply the equipment costs 
obtained from the curves by the following factor: 


Equipment operation factor (Fp) = 0.80 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1-5.2. RAISE DEVELOPMENT 
DROP RAISES 


With the advent of down-the-hole drills, longhole or drop raising is becoming a 
popular method of driving large ventilation raises and ore passes. The costs esti- 
mated using these curves apply to any unlined raise driven using down-the-hole 
drills and vertical crater retreat blasting methods. Advance rates range from 1.5 m 
per worker-shift for a 4.6 m2 raise to 1.0 m per worker-shift for a 13.4 m2 

raise. It is assumed that blasted material is hauled an average distance of 200 m 
to a conveyance point (ore pass, hoisting station, etc.) using rubber-tired LHD's. 
If the material is to be hauled out of the mine, the tonnage attributed to raising 
should be added to the haulage curves for the period of time necessary to muck the 
raise. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 4.5 and 13.5 m2, operating two shifts per day. The cost 
per meter is multiplied by the total meters of raise required for development to 
obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost ir aa 58.314 (x)9+374 
The operating labor costs are distributed as follows: 


Direct WaibOretete cleo cere ates 864% 
Maunctenance labor..<<cessess 142% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 


per hour 

(base rate) 
ete 1G ole elc cles /6 ole s\sies cc's .0 6 29% $18.31 
HEIPETS ccccccccccssccescone 154 13.86 
BVASCEDSeh ccdcrccccecvenns 6 43% 18.31 
LHD OperatorSe.ccccccccecccs 13% 16.53 


The average wage for labor is $17.41 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 136.383(x)9+205 
The supply cost consists of 68% blasting materials, 24% drill bits and steel, 7% 
miscellaneous items, and 1% timber. Supplies include drill bits and steel, 
blasting agent, caps, primers, detonation cord, timber, and caristrap. 
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(E) Equipment Operating Cost (YR) = 8.895 (x)0- 711 


The equipment operating cost consists of 43% for maintenance and overhaul parts, 
41% for fuel, 9% for tires, and 7% for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drop raising includes down-the-hole drills mounted on air tracks, 
portable air compressors, LHD units, and portable bit grinders. 


ADJUSTMENT FACTORS 
Rock Hardness Factor Down-hole-drill productivity is directly related to rock hard- 
ness. If the compressive strength of the rock is known, or an estimate can be 
made from table A-l in the appendix, multiply the costs obtained from curves by 
the following factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.388(c)0-093 
Supplies factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fp) = 0.716 (c)9+033 


where C = compressive rock strength, in pounds per square inch. 

Service Installation Factor Few drop raises are used as service raises. If, how- 
ever, services are installed in the raise, multiply the labor and supply costs 
by the following factors: 

Labor factor (Pp) = 158 
Supplies factor (Fg) = 1.37 


This will account for the purchase and installation of rockbolts, ladders, 
landings, and pipe. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.5.3. RAISE DEVELOPMENT 
RAISE BORING 


The costs calculated using these curves apply to any unlined bored raise that has 
been drilled down and reamed up. The curves take into account costs incurred in 
preparation of upper and lower stations, drill platform construction, boring machine 
installation, pilot hole drilling, reaming operations, and muck removal. Average 
advance rates, including station preparation, vary from 1.89 m per worker-shift for 
a 1.5-m-diameter raise to 1.06 m per worker-shift for a 3-m-diameter raise. It is 
assumed that reamer cuttings are hauled an average distance of 200 m to a conveyance 
point (ore pass, hoisting station, etc.) using rubber-tired LHD's. If the material 
is to be hauled out of the mine, the tonnage attributed to raise boring must be 
added to the haulage curves for the period of time necessary to complete the raise. 


Total cost per meter is the sum of three separate cost curves (mining and repair 
labor, supplies, and equipment operation) calculated using a raise diameter (X), in 
meters. The curves are valid for diameters between 1.5 and 3 m, operating two 
shifts per day. This cost is multiplied by the total meters of raise needed during 
development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 81.941(x)1+376 


The operating labor costs are distributed as follows: 


Direct VabpOMe ce cles cc cele clelee 49% 
Maintenance laboreececccece 51% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MING TS’. s ov/s.4'e.6 cieieie clele cicrelclate 31% $18.31 
Raise bore operatorS.ceceece 264 18.31 
Raise bore helpers..e.ceces 264 13.86 
LHD operators. ceccccccccece 8% 16.09 
Hel persisc.scncs sce s clclcce » ols 8% 13.86 
Nippers.osccoscvcccessscece 14% 16.09 


The average wage for labor is $16.60 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 180.595(x)1-097 
The supply cost consists of 83% drill and cutter bits, 5% material waste, 4% 
drill steel, 3% electricity, 3% blasting materials, 1% rock support, and 1% 
miscellaneous items. Supplies include drill bits and steel for the air legs, 
drill bits, cutter bits, and drill steel for the boring machine, blasting agent, 
caps, detonation cord, rock bolts, wire mesh, concrete, and electricity. 











(E) Equipment Operating Cost (Y,) = 46.568(x) 1-759 


The equipment operating cost consists of 69% for maintenance and overhaul 
parts, 22% for ground engaging components, 7% for lubrication, and 2% for fuel 
and tires. The equipment curve covers overhaul and maintenance parts, ground 
engaging components, fuel, lubrication, and tires. The equipment used for 
raise boring and station preparation includes air leg drills, LHD units, and 
raise bore machines. 


ADJUSTMENT FACTORS 


Raise Length Factor Because of the high costs incurred in station preparation and 


machine setup, the actual cost per meter will decrease as the length of the 
raise increases. The raise curves were derived using an assumed raise length 
of 100 m. If the length of the raise differs from this, multiply the costs 
obtained from the curves by the following factor: 


Length factor. (Fy))= 1.468(L) ~9- 080 
where L = raise length, in meters. 


The following graph illustrates recommended lengths for various raise diameters: 
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Raise diameter, in meters 
Lining Factor If the raise is to be used as an ore chute or vent raise, it may be 
lined with steel. To account for this, multiply the labor and supply costs by 
the following factors: 


Labor factor (Fy,)= 1.12 


Supply factor (Fg) = 1.27(X)0+276 
where X = raise diameter, in meters. 


Service Installation Factor If services are installed in the raise, multiply the 
labor and supply costs by the following factors: 


Labor factor (F,,)= 1.21 


Supply factor (F,) = 1.16 
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This will account for the purchase and installation of rockbolts, ladders, 
landings, and pipe. 


Rock Hardness Factor The hardness of the rock being bored has a great effect on 
both penetration rate and cutter life. The curves were derived using rock with 
an assumed compressive strength of 50,000 psi. Total cost may range from 25% of 
the cost for rock with a compressive strength of 14,500 psi to 2004 of the cost 
for rock with a compressive strength of 75,000 psi. Actual variances are very 
difficult to estimate; however, as a general rule of thumb, for differences in 
rock hardness, multiply the costs obtained from the curves by the following 
factor: 


Hardness factor (Fy) = 0.0000018(c)1-231 
where C = compressive strength of rock in, pounds per square inch. See 
table A-l in the appendix for average compressive rock strengths. 





COST, dollars per meter raise length 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.6. INCLINES-DECLINES 


The curve covers a range of inclines-declines with average advances of 2.2 m/d in 
the smaller openings and 0.6 m/d overall in the larger openings. The curve is based 
on using jumbo drills and LHD haulage. Assume the opening is at a 109 angle. The 
cost per meter of advance does not change for angles 5° to 159%. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, 

and equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 4 and 50 m*, operating one shift per day. The cost per 
meter is multiplied by the total meters of excavation needed during development to 
obtain the capital cost. 


Services installed include water and compressed air lines, and heavy duty steel- 
reinforced vent tubing. Rock competency is considered good, with just 104 of the 
back requiring rock bolting. 


BASE CURVES 


(L) Labor Operating Cost Gir) e= 42.779 (X)9- 789 
The operating labor costs are distributed as follows: 


Direct TaltbOrete ckelere atetersdere ere 93% 
Maintenance laboOre.cecccvcece Th 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 
per hour 
(base rate) 
MIMETS « cisiels o.cie ositve-o eles oie ote t 6 3% $18.11 
HE PETS « cisiaisteles sicicieis cio ials o\e > 23% 13.66 
LHDSOPETatore < cttw a eis cls ovels 142% 15.89 


The average wage for labor is $16.78 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 48.709(x)09-567 
The supply cost consists of 40% explosives, 44% steel items, and 16% miscellan- 
eous items. Supplies include drill bits and steel, powder, caps, primer, rock- 
bolts, vent line, compressed air and water pipes. 


(E) Equipment Operating Cost (Yp) = 1.498(x)1-303 


The equipment operating cost consists of 49% for repair parts, 32% for fuel and 
lubrication, and 19% for tires. The equipment operating curve covers daily 
maintenance and repair, repair parts, and lubrication for drills, fans, LHD's, 
and other equipment used to drive the opening. 
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ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 

If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor (Fy) = 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9- 033 
where C = compressive rock strength, in pounds per square inch. 


Rockbolt Factor For regular bolting of the entire drift (1.2 bolts per square 


meter) multiply the costs obtained from the curves by the following factors: 
Labor factor . (Fy) = 1.08 
Supply factor (Fo) he il.14 


Equipment operation factor (FR) =1.42 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained 


from the curves by the following factors: 
Fabor ‘factor *=*)CF7) = 1.03 
Supply factor (Fg) = 1.24 


Equipment operation factor (Fr) = 1.15 


Concrete Factor If the drift is to be lined with concrete, multiply the costs 


obtained from the curves by the following factors: 
Labor factor (Fz) = 1.64 
Supply factor (Fs) = 1.72 


Equipment operation factor (FR) = 2.26 


Steel Set Factor If steel sets are to be used, multiply the costs obtained from 


the curves by the following factors: 
Lavoriifactor aricF, 1.37 
Supply factor (Fs) = 2.47 


Equipment operation factor Cg) rr 159 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.7. LARGE UNDERGROUND EXCAVATIONS 


The costs derived from these curves apply to a horizontal opening driven with a two 
boom jumbo and LHD haulage a distance of 200 m. It is assumed the walls will be 
supported with rockbolts and wire mesh. If the material is to be hauled out of the 
mine, the tonnage attributed to excavating should be added to to the haulage curves 
for the period of time necessary to complete the excavation. It is assumed that 
all equipment needed for the excavation will be required for the mining operation, 
and will be considered in the mine equipment cost curve. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 13.94 and 334.45 m2, operating one shift per day. The 

cost per meter is multiplied by the total meters of excavation needed during 
development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 10.817(x)9+947 
The operating labor costs are distributed as follows: 


Direct baIDOMetate ovale ov ebere cfs. ofsre 91% 
Maintenance labor...cceceee 9% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
BINT TiC eis eisie 46 a 0 siave'e's v0 6.6 0.6 764 GREE 
Hem DEL E's clelels.cjasstsielecc-s.0,39.a100 9 19% 13.66 
Motor OperatorSecececcccece 5% 15.89 


The average wage for labor is $17.16 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 23.050(x)9+793 
The supply cost consists of 66% explosives, 28% steel items, and 64 ventilation. 
Supplies include drill bits and steel, powder, caps, primer cord, water pipe, 
compressed air pipe, vent duct, rockbolts and wire mesh. 


(E) Equipment Operating Cost (Yg) = 1.739(x)9-917 


The equipment operating cost consists of 45% for overhaul and repair parts, 35% 
for tires, and 20% for fuel and lubrication. The equipment operating curve 
covers daily maintenance and overhaul parts and lubrication for drills, fans, 
LHD's, and roof bolters. 
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ADJUSTMENT FACTORS 
Track Haulage Factor If track haulage is used, the LHD will be replaced by a 
battery locomotive, overshot mucker, and rail cars. Rubber-tired equipment is 
more expensive to operate than rail-mounted equipment. Therefore, to account 
for cost of the equipment and installing rail, multiply the costs obtained from 
the curves by the following factors: 
Supply factor (Fg) = 1.13 
Equipment operation factor (FR) = 0.71 
Shotcrete Factor For additional expenses associated with coating the 
excavation to a shotcrete depth of 3.8 cm, multiply the costs obtained from the 
curves by the following factors: 
Labor factor (F,;) = 1.05 
Supply factor (Fs) = 1.59 


Equipment operation factor (FR) = 1.09 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.8. ORE POCKETS 


The ore pocket curve is based on total capacity in metric tons. To derive the cost 
of an ore pocket for a given capacity, enter the capacity in metric tons. The value 
derived will give the cost for one ore pocket with the entered capacity. The curve 
is based on one pocket per entry, including the cost of excavation and the installa- 
tion of a double-gate ore chute. For this reason, each ore pocket to be costed must 
be entered separately on the curve. 


The total cost of each ore pocket is the sum of three separate curves (labor, 
supplies, and equipment operation) based on the capacity of each ore pocket (X), in 
total metric tons. The curves are valid for capacities between 100 and 10,000 ot, 
operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Cost (Yj) = 21.695(x) 9-931 
The operating labor costs are distributed as follows: 


Direct LabOr. 6.6 svatevetetere cletavers 100% 
Maintenance laboOreeeecccees 0% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MIMeeG elec ces oo eieis ols settee sate 1004 $18.31 


Average operating labor cost per worker-hour is $18.31 (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 1.961(x)0-994 
The supply cost consists of 44% explosives, 45% steel items, and 11% miscellan- 
eous items. Supplies include powder, caps, and drill bits and steel. 


(E) Equipment Operating Cost (Yelee 6,640.547 (x) 9-009 
The equipment operating cost consists of 98% for the ore gate and repair parts, 
and 24 for fuel and lubrication. The cost covers daily maintenance and repair, 
repair parts, and lubrication for the drills and ore gates, plus the purchase of 
the gates. 
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ADJUSTMENT FACTORS 
Rock Hardness Factor Productivity is directly related to rock hardness. If the com- 
pressive strength of the rock is known, or an estimate can be made from table 
A-1l in the appendix, multiply the costs obtained from the curves by the 
following factors (base rock strength = 31,700 psi): 
Labor factor! (Fy, )s= 0.388(c)9-093 
Supply factor (Fg) = 0.579(c)9+054 


Equipment operation factor (Fp) = 0.715(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


Rockbolt Factor For regular bolting of the entire pocket, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factors] (Fy). W-08 
Supply factor (Eo) 74 1214 
Equipment operation factor (FR) = 1.42 


Subcontractor Factor If a subcontractor is used, multiply the costs obtained from 
the curves by the following factors to compensate for subcontractor's markup: 


Labor factor CFR A= le5 
Supply factor (CIP hace wal bey 


Equipment factor (Fr) = 1.2 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9. STOPE PREPARATION 


Stope preparation includes any operation and excavation necessary to bring a stope 
into full-scale production. Stope preparation is, of course, different for every 
mining method, so each method is dealt with individually in the following sections 
In general, however, costs derived from the following curves cover every operation 
and excavation needed to develop the stope for full-capacity extraction, and to 
connect it with the main haulage system. A detailed list of items needed for 
individual methods is provided in each of the following sections. In order to 
obtain an accurate cost estimation, the evaluator must provide the dimensions and 
estimated tonnage of a typical stope designed for the deposit under evaluation. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.1. STOPE PREPARATION 
BLOCK CAVING 


Items needed for preparation of a block caving stope include panel drifts, access 
drifts, grizzly drifts, undercut drifts, draw raises, transfer raises, and cave 
induction. All ore chutes, grizzlies, and support and reinforcement items are 
included in the curve. Costs represent a system in which ore is moved to the main 
haulage level by gravity methods. 


Total cost per block is the sum of three separate cost curves (labor, supplies, and 

equipment operation) based on a typical block plan view area (X), product of length 

and width, in square meters. The curves are valid for areas between 2,400 and 6,300 
m2 (of any height), operating two shifts per day. The costs are then multiplied 

by the number of blocks required for preproduction development to obtain the capital 
cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 573.198(x)0-881 
The operating labor costs are distributed as follows: 


Direct Pa DO Tic eheteke eles ovetere ctate 98% 
Maintenance LaboOre.s sess Qh 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 
per hour 
(base rate) 
MIin@rsctarsere eee crete ehecieiete ciara 72% $18.31 
He LPG rs csr’ i wb latereis elwlel ole a's oe 24% 13.86 
LHD OperatOrSecceccccccccecs 4% 16.09 


The average wage for labor is $17.15 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 650-100(x)0-883 
The supply cost consists of 26% steel items, 25% concrete, 20% timber, 18% 
blasting supplies, 54 contingency, 4% drill bits and steel, and 2% all other 
items. Supplies necessary for the development of a block caving stope include 
drill bits and steel, blasting agent, caps, timber, concrete, rail, water and 
compressed air pipe, ventilation ducting, rockbolts, electricity, and steel for 
ore chutes and grizzlies. 


(E) Equipment Operating Cost Ya am 11.355 (x)0-885 


The equipment operating cost consists of 762 for maintenance and overhaul parts, 
9% for tires, 8% for fuel, and 74 for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, tires, fuel, and lubrication. Equipment 
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used in stope preparation for block caving includes jacklegs, auxiliary fans, 
overshot muckers, locomotives, ore cars, LHD's, and fan drills. 


ADJUSTMENT. FACTORS 
Nongravity Caving Factor If the ore is to be transferred to the main haulage system 
using slushers or LHD's, adjustments must be made to the costs. Multiply the 


costs obtained from the curves by the following factors: 


Slushers: 
Labor factor (Fy )=10.85 


Supply factor (Fg) = 0.83 


Equipment operation factor (Fp) = 0.99 
LHD's: 

Labor factor (Fr) = 0.60 

Supply factor (Fs) = 0.84 

Equipment operation factor (Fp) = 0.77 


Rock Hardness Factor Block caving development costs are directly related to rock 


hardness. If the compressive strength of the rock is known, or an estimate can 
be made from table A-l in the appendix, multiply the costs obtained from the 
equations by the following factors (base rock strength = 31,700 psi): 

Labor factor GFr)/ = 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fg) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.2. STOPE PREPARATION 
CONTINUOUS MINING 


Continuous miner stopes are initiated with multientry panels directly off the main 
haulage level. The method changes little from the initial cuts to the completion of 
the stope. The cost of the main haulage level cannot be included in the stope prep- 
aration costs since many stopes benefit from this one entry. Because the cost per 
ton of excavation of the production entries from the haulage level is the same as 
that for production mining, no stope preparation cost is required. 


For capital cost estimation, the length of main or secondary haulageways must be 
sufficient to open up the required number of stopes for initial production. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.3. STOPE PREPARATION 
CUT AND FILL 


Items needed for preparation of a cut-and-fill stope include a crosscut from the 
main haulageway, a blind raise access cut with two ore chutes, a manway, and a 
timber slide, and an initial bottom sill cut. The curves cover stopes ranging from 
2.4 m wide by 61.0 m long to 4.9 m wide by 106.7 m long, and of any reasonable 
height. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a plan view area (X), product of length and width, in 
Square meters. The curves are valid for areas between 140 and 540 m2, operating 
two shifts per day. The costs are then multiplied by the number of stopes required 
for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost GE) = 4,422.948 (x) 9-369 
The operating labor costs are distributed as follows: 


Direct LabOre. stele ete ce ss slete 97% 
Maintenance labor... «cscs aye 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(140 to (340 to per hour 
340 m2) 540m2) (base rate) 
MENGTS)eis cise lcle’s eetelere cietersishe'c 69% 73% $18.31 
pi miler: SACP AMS ARB Aaah ASeS 25% 2 3% 13.86 
Motor Operators: «sca + s+ os +s 6% 4% 16.09 


The average wage for labor is $17.13 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yc) a= 16,203.090(x)9+197 
The supply cost consists of 31% timber, 25% blasting supplies, 24% steel items, 
54 drill bits and steel, 54 contingency, 4% ventilation material, 3% sandfill 
preparation material, and 3% electricity and miscellaneous items. Supplies 
necessary for the development of a cut-and-fill stope include drill bits and 
steel, blasting agent, caps, timber, rail, ballast, steel pipe, ventilation 
ducting, rockbolts, burlap, electricity, and steel for ore chutes. 


(E) Equipment Operating Cost (Yp) = 311.270(x)0-201 


The equipment operating cost consists of 85% for maintenance and overhaul parts, 
8% for lubrication, and 74 for ground engaging components. The equipment curve 
covers maintenance and overhaul parts, ground engaging components, and lubrica- 


tion. Equipment used in stope preparation for cut-and-fill mining includes 
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jacklegs, stopers, jackhammers, auxiliary fans, overshot muckers, locomotives, 
ore cars, and slushers. 


ADJUSTMENT FACTOR 


Rock Hardness Factor Cut-and-fill stope development costs are directly related to 
rock hardness. If the compressive strength of the rock is known, or an estimate 
can be made from table A-l in the appendix, multiply the costs obtained from 
curves by the following factors (base rock strength = 31,700 psi): 


Labor factor (Fralex 0.403(c)9-090 
Supply factor (Fg) = 0.590(c)9-0952 


Equipment operation factor (Fg) = 0.716(c)9-933 
where C = compressive rock strength, in pounds per square inch. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.4. STOPE PREPARATION 
LONGHOLE-SUBLEVEL 


Items needed for preparation of a sublevel-longhole stope include sublevels, a 
bottom sill cut, a scram drift, crosscuts connecting the bottom sill and scram 
drifts, an access raise, and a slot raise. The curves cover stopes ranging from 5.4 
m wide by 61.0 m high by 76.2 m long to 18.3 m wide by 121.9 m high by 152.4 m long. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a profile view area (X), product of length and height, 
in square meters. The curves are valid for areas between 4,600 and 18,600 m2, 
operating two shifts per day. The costs are then multiplied by the number of stopes 
required for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Y7,) = 357.256(x)0-685 
The operating labor costs are distributed as follows: 


Direct WabOD essere stele ctele eves 6 95% 
Maintenance Labors vis sss oss 5h 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(4,600 to (11,600 to per hour 
11,600 m2) 18,600 m2) (base rate) 
MATIGT A uthw sis 6 00 6 0!6 slecace.0 00.4 0:0 654% 65% $18.31 
ECM E civistels's ses aelw ple eisie'0 6 ¢ 22% 22% 13.86 
PHOS OPGratOrs sss s slic so se e's 6 9% 8% 16.09 
Utility workerS.ccccccceves 3% 4h 15.94 
BULCVEYOTS J. sc el0.« otic. © 0100 0.9 14% 14% 15.08 


The average wage for labor is $17.05 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 363.252(X)0-687 
The supply cost consists of 46% blasting supplies, 16% steel items, 104 drill 
bits and steel, 9% ventilation materials, 9% timber, 54 contingency, and 54 
electricity and miscellaneous items. Supplies necessary for the development of 
a sublevel-longhole stope include drill bits and steel, blasting agent, caps, 
timber, water and compressed air pipe, ventilation ducting, electricity, and 
rockbolts. 


(E) Equipment Operating Cost (Yg) = 23.555(X)9+707 


The equipment operating cost consists of 574 for maintenance and overhaul parts, 
19% for tires, 17% for fuel, and 74 for lubrication. The equipment curve 
covers maintenance and overhaul parts, fuel, tires, and lubrication. Equipment 
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used in stope preparation for sublevel-longhole mining includes jacklegs, 
auxiliary fans, LHD's, booster compressors, jumbo mounted drifters, and 
airtrack-mounted longhole drills. 


ADJUSTMENT FACTOR 
Rock Hardness Factor Sublevel-longhole stope development costs are directly related 
to rock hardness. If the compressive strength of the rock is known, or an 
estimate can be madefrom table A-l in the appendix, multiply the costs obtained 
from curves by the following factors (base rock strength = 31,700 psi): 
Labor factor KF e= 0.392(c)9-093 
Supply factor (Fg) = 0.579(c)0+054 


Equipment operation factor (Fg) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


COST, thousands of dollars per stope 


10 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.5. STOPE PREPARATION 
RESUING 


Items needed for preparation of a resuing stope include an access drift along the 
stope in the footwall, a blind raise access cut with two ore chutes and a manway, 
and a starter drift running the length of the stope. The blind raise runs the 
entire height of the stope, and both the raise and the starter drift are driven in 
ore and waste. Ore excavated during development is generally discarded as waste. 
The curves cover stopes ranging from 22.9 m long by 18.3 m high to 45.7 m long by 
38.1 m high, and 1.5 m in width. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a profile view area (X), product of length and height, 
in square meters. The curves are valid for areas between 350 and 2,000 m2, 
operating two shifts per day. The costs are then multiplied by the number of stopes 
required for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 1,077.505(x)0-448 
The operating labor costs are distributed as follows: 


Direct a DOT slaleicis oie eles sole + 97% 
Maintenance La DO Pevelcictete «islets 3% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MiMe@rSic cis ete ees idle sere etevenccele ls 864% $18.31 
Hel perS.icies se ciess ccs sce ses 9% 13.86 
Motor Operators. ceccccceres 54% 18.31 


The average wage for labor is $17.80 per worker-hour (including burden and 
_average shift differential). 


(S) Supply Operating Cost (Ys) = 4,004.706(x)0-290 
The supply cost consists of 61% steel items, 13% blasting supplies, 12% timber, 
6% ventilation materials, 4% drill bits and steel, 3% contingency, and 1% elec- 
tricity and miscellaneous items. Supplies necessary for the development of a 
resuing stope include drill bits and steel, blasting agent, caps, timber, rail, 
ballast, steel pipe, ventilation ducting, electricity, and steel for ore 
chutes. 


(E) Equipment Operating Cost (Yg) = 24.097(x)0-499 


The equipment operating cost consists of 674 for maintenance and overhaul parts, 
16% for ground engaging components, 9% for fuel, and 8% for lubrication. The 
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equipment curve covers maintenance and overhaul parts, ground engaging compon- 
ents, fuel, and lubrication. Equipment used in stope preparation for resuing 


includes jacklegs, stopers, auxiliary fans, overshot muckers, locomotives, ore 
cars, and slushers. 


ADJUSTMENT FACTOR 


Rock Hardness Factor Resuing stope development costs are directly related 
to rock hardness. If the compressive strength of the rock is known, or an 
estimate can be made from table A-l in the appendix, multiply the costs 
obtained from curves by the following factors (base rock strength = 31,700 psi): 


Labor factor (Fy) = 0.403(c)9-090 
Supply factor (Fg) = 0.590(c)9-052 


Equipment operation factor (Ff) = 0.716 (c)9+ 033 
where C = compressive rock strength, in pounds per square inch. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.6. STOPE PREPARATION 
ROOM AND PILLAR, MEDIUM TO HARD ROCK 


The main item needed to prepare a metallic room-and-pillar stope is an access drift 
from a main haulageway running the entire length of the panel. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a plan view area (X), product of length and width, in 
Square meters. The curves are valid for areas between 12,900 and 30,200 m2 (of 

any reasonable height), operating two shifts per day. The costs are then multiplied 
by the number of panels required for preproduction development to obtain the capital 
cost. 


BASE CURVES 


(L) Labor Operating Cost CGR) 4.019 (x)9-890 
The operating labor costs are distributed as follows: 


Direct abDO Ceres oelelete a ciete a es 92% 
Maantenance Labore.«..ecsces 8% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(12,900 to (2155507 to per hour 
21,500 m2) 30,200 m2) (base rate) 
BRITT, Gis olahenutee*ena*wareetahaiale'e Ss 464 43% $18.31 
BeOS sive 5 6 wis.s 616)», sate re 112 224% 13.86 
Utility workerseccscescccce 154 L 2h 16.98 
Utility helpers.ccccccccece 15% 12% 13.86 
Poader Operators... sce. c eee 7% 8% 16.53 
iteN@ VOLS stave 6_6\s)e.06.0 0 os e.0 014- 64% 3% 15.08 


The average wage for labor is $16.53 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 2.686 (xX)9*997 
The supply cost consists of 58% blasting supplies, 12% steel items, 11% drill 
bits and steel, 10% ventilation materials, 54 contingency, and 44 electricity 
and miscellaneous items. Supplies necessary for the development of a metallic 
room—and-pillar stope include drill bits and steel, blasting agent, caps, water 
and compressed air pipe, ventilation materials, electricity, and rockbolts. 


(E) Equipment Operating Cost (Yp) = 0.046 (x)1-128 


The equipment operating cost consists of 59% for maintenance and overhaul parts, 
21% for fuel, 134% for tires, and 74 for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for metallic room and pillar mining includes auxiliary fans, 
front-end loaders, jacklegs, scissor lifts, and jumbo-mounted drifters. 
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ADJUSTMENT FACTOR 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from curves by the 
following factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.388(c)9-993 
Supply factor (Fs) = 0.579(c) 9-054 


Equipment operation factor (Fg) = 0.715(c)9-933 
where C = compressive rock strength, in pounds per square inch. 


COST, dollars per stope 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.7. STOPE PREPARATION 
ROOM AND PILLAR, NONMETALLIC SOFT ROCK 


The main item needed to develop a nonmetallic room-and-pillar stope consists of an 
access drift from a main haulageway running the entire length of the panel. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a plan view area (X), product of length and width, in 
Square meters. The curves are valid for areas between 14,800 and 33,500 m2 (of 

any height), operating two shifts per day. The costs are then multiplied by the 
number of panels required for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 43.903(x)0+557 
The operating labor costs are distributed as follows: 


Direct Nha DOGerestele creislere oerenene 93% 
Maintenance: labor? <....c.s he 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(14,800 to (245150) to per hour 
4,150 m2) 33,500 m2) (base rate) 
NAN ene S el alete.e ete of siatedeterevelenstatclete 154 23% $18.31 
Loader! OPEraCOLS.s <is'elw ohs s.910 0 102% 154 16.53 
Shuttle operators..s-essess 104 154 16.09 
Utility workers... cesecccocs 29% 23% 16.98 
WELI ty hel persies ss sslctn oto s 24% 164 13.86 
DUT V CY OES as cle srahe'y tela. a toue ore. 124 8% 15.08 


The average wage for labor is $16.30 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yo) = 20.909 (x) 9-632 
The supply cost consists of 63% steel items, 10% drill bits and steel, 10% 
blasting supplies, 54 electricity, 4% ventilation materials, 4% contingency, and 
4% miscellaneous items. Supplies necessary for the development of a nonmetal- 
lic room-and-pillar stope include drill bits and steel, blasting agent, caps, 
water and compressed air pipe, ventilation materials, electricity, and rock- 
bolts. 


(E) Equipment Operating Cost CYe)"= 0.117 (x)9- 908 
The equipment operating cost consists of 69% for maintenance and overhaul parts, 
17% for tires, 114 for lubrication, and 3% for fuel. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 


stope preparation for nonmetallic room-and-pillar mining includes roof bolters, 
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ANFO trucks, undercutters, loaders, shuttle cars, portable transformers-recti- 
fiers, and jumbo-mounted drifters. 


ADJUSTMENT FACTOR 


Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from curves by the 
following factors (base rock strength = 31,700 psi): 


Laborefactor ta (Fy)6> 0.388 (c)9-093 
Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9+033 
where C = compressive rock strength, in pounds per square inch. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.8. STOPE PREPARATION 
SHRINKAGE 


Items needed for preparation of a shrinkage stope include a bottom sill cut, a scram 
drift, crosscuts from the scram to the bottom sill drift, an access raise, and dog- 
holes along the raise to connect with the stope as mining progresses. The curves 
are based on the assumption that ore will be drawn from the crosscuts using LHD's. 
Stopes ranging from 2.4 m wide by 45.7 m long to 5.5 m wide by 76.2 m long are 
covered by the curve. Stope height is fixed at 61 m. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a plan view area (X), product of length and width, in 
Square meters. The curves are valid for areas between 100 and 440 m2, operating 
two shifts per day. The costs are then multiplied by the number of stopes required 
for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 9,917.618(x)9+329 
The operating labor costs are distributed as follows: 


Direct RDO austere dacs. 6, olonbuendcaiene 96% 
Maintenance labor..ccccecce 4h 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(100 to (27 0eto per hour 
270 m2) 440 m2) (base rate) 
ee) GSAS Sey eee Be 704% 654 $18.31 
HemDEG cot «c's s\es'es.cis'4 6 6.3 es’ 23% 27% 13.86 
LHD operators. cessescccsces 7% 8% 16.09 


The average wage for labor is $17.09 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 7,445.199(x)0-+335 
The supply cost consists of 37% blasting supplies, 19% steel items, 15% timber, 
11% ventilation materials, 9% drill bits and steel, 54 contingency, and 44 elec- 
tricity and miscellaneous items. Supplies necessary for the development of a 
shrinkage stope include drill bits and steel, blasting agent, caps, timber, 
water and compressed air pipe, ventilation ducting, electricity, and rockbolts. 


(E) Equipment Operating Cost (Ypg) = 373.610 (x) 9-388 


The equipment operating cost consists of 64% for maintenance and overhaul parts, 
20% for tires, 10% for fuel, and 64 for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for shrinkage mining includes stopers, jacklegs, auxiliary 
fans, LHD's, and jumbo-mounted drifters. 
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ADJUSTMENT FACTOR 
Rock Hardness Factor Shrinkage stope development costs are directly related to rock 
hardness. If the compressive strength of the rock is known, or an estimate can 
be made from table A-l in the appendix, multiply the costs obtained from curves 
by the following factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.399(c) 9-091 
Supply factor (Fs) = 0.585(c)9-053 


Equipment operation factor (Fp) = 0.717 (c)9- 933 
where C = compressive rock strength, in pounds per square inch. 




















COST, dollars per stope 
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4.2. UNDERGROUND MINING - CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.9. STOPE PREPARATION 
SQUARE SET 


Items needed for preparation of a square set stope include a crosscut from the main 
haulageway, an initial bottom sill cut, and a blind raise access cut with two ore 
chutes, a manway, and a timber slide. The curves cover stopes ranging from 2.4 m 
wide by 45.7 m long to 4.9 m wide by 76.2 m long, and of any reasonable height. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a plan view area (X), product of length and width, in 
Square meters. The curves are valid for areas between 100 and 400 m2, operating 
two shifts per day. The costs are then multiplied by the number of stopes required 
for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost Oh 6,114.261(x)9+340 
The operating labor costs are distributed as follows: 


Direct Va DOTMehe cheterstens evens ceterets 97% 
Maintenance labor...cecccvee 3% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(100 to (250 to per hour 
250 m2) 400 m2) (base rate) 
Miser Sic voistetcteretelsteleis ic stetesie ere re 69% 73% $18.31 
HOLDE TS staicis +s atersiels eisiersts cise 264% 24% 13.86 
Motor operators. cccccccccce 5% 3% 16.09 


The average wage for labor is $16.93 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 17, 393.433(x) 09-208 
The supply cost consists of 43% timber, 20% steel items, 19% blasting supplies, 
9% contingency, 34 drill bits and steel, 34 ventilation materials, and 34% elec- 
tricity and miscellaneous items. Supplies necessary for the development of a 
Square set stope include drill bits and steel, blasting agent, caps, timber, 
blocking, rail, ballast, steel pipe, ventilation ducting, electricity, and steel | 
for ore chutes. 


(E) Equipment Operating Cost (Yp) = 375.160(x)0-178 


The equipment operating cost consists of 834 for maintenance and overhaul parts, 
10% for lubrication, and 7% for ground engaging components. The equipment curve 
covers maintenance and overhaul parts, ground engaging components, and lubrica- — 
tion. Equipment used in stope preparation for square set mining includes jack- 
legs, stopers, auxiliary fans, overshot muckers, locomotives, ore cars, and 
slushers. 





347 


ADJUSTMENT FACTOR 
| Rock Hardness Factor Square set stope development costs are directly related to 
rock hardness. If the compressive strength of the rock is known, or an estimate 
can be made from table A-l in the appendix, multiply the costs obtained from 
curves by the following factors (base rock strength = 31,700 psi): 

















Labor factor (Fy) = 0.403(c)9-090 





Supply factor (Fg) = 0.590(c)9-052 


Equipment operation factor (FR) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 


4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.9.10. STOPE PREPARATION 
VERTICAL CRATER RETREAT 


Items needed for preparation of a vertical crater retreat stope include a topsill 
cut, a bottom sill cut, and access drifts. The curves are based on the assumption 
that, during production, ore will be drawn from the bottom sill using remote con- 
trolled LHD's. Stopes ranging from 4.6 to 11.6 m wide are covered by the curves. 
Stope length is estimated at 61 m, but may be varied plus or minus 254 without 
affecting the accuracy of the calculations. Stope height must be within the limits 
of down-the-hole drills. 


Total cost per stope is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a plan view area (X), product of length and width, in 
Square meters. The curves are valid for areas between 250 and 750 m2, operating 
two shifts per day. The costs are then multiplied by the number of stopes required 
for preproduction development to obtain the capital cost. 


BASE CURVES 


(L) Labor Operating Cost (Yr) = 2 ,254.882 (x) 0-464 
The operating labor costs are distributed as follows: 


Direct Ma DO Teteltetatcloielcietele ole eke 94% 
Maintenance labor.ececcccccce 6% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(250 to (500 to per hour 
500 m2) 750 m2) (base rate) 
UCU Guicls csice ce tes ec tee es 60% 644 $18.31 
BRIDE EG 7c clduisis alcleisls es cit) e's 0's 24% 2 3% 13.86 
LHD Operators..cccoccccccccs 104 104% 16.09 
Pe miGYy WOTKErS .6.s0s 000 05s 4% 2% 15.42 
SUTVEYOrS ccccccsccccscccces 2% 1% 15.08 


The average wage for labor is $16.96 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (io) = 1, 086.699 (x)0-642 
The supply cost consists of 51% blasting supplies, 20% steel items, 114 drill 
bits and steel, 10% ventilation materials, 54 contingency, and 34 electricity 
and miscellaneous items. Supplies necessary for the development of a vertical 
Crater retreat stope include drill bits and steel, blasting agent, caps, water 
and compressed air pipe, ventilation ducting, electricity, and rockbolts. 


(E) Equipment Operating Cost (Yp,) = 10.062 (x) 9-969 


The equipment operating cost consists of 64% for maintenance and overhaul parts, 
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19% for tires, 11% for fuel, and 6% for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for vertical crater retreat mining includes LHD's, jacklegs, 
auxiliary fans, and jumbo-mounted drifters. 


ADJUSTMENT FACTOR 
Rock Hardness Factor Vertical crater retreat stope development costs are 

directly related to rock hardness. If the compressive strength of the rock is 
known, or an estimate can be made from table A-l in the appendix multiply the 
costs obtained from curves by the following factors (base rock strength = 
31,700 psi): 

Labor factor (Fy) = 0.404(c)9-089 

Supply factor (Fg) = 0.584(c)9-953 


Equipment operation factor CFE). = 0.716 (c)9- 033 
where C = compressive rock strength, in pounds per square inch. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.10. MINE DEWATERING 


The capital cost for mine dewatering is based on the utilization of vertical turbine 
pumps, including the cost of acquisition and installation of equipment. 


The initial capital cost is based on a quantity of water in cubic meters pumped 

per day against a total dynamic head of 305 m (1,000 ft). The total dynamic head is 
the sum of the static head, the friction loss due to pipes and fittings, and the 
velocity head, minus the suction head. If the suction head is negative (suction 
lift), its value must be added to obtain the total dynamic head. The curve includes 


all costs associated with the acquisition and installation of required pumps and 
pump bases. 


The total capital cost is based on a single cost curve having an water pumping rate 
(X), in cubic meters per day. The curve is valid for pumping rates between 2,000 
and 60,000 m3/d, operating three shifts per day. 


BASE CURVE 
The capital cost derived from the curve is a combination of the following costs; 
Construction labor cost....... 7% 
Construction supply coSt...... 2% 


Purchased equipment cost...... 91% 


The total mine dewatering capital cost is (Yq) = 103.876(x)9°718 and is distri- 
buted as follows: 


(L) Construction Labor Cost (Yz,) = 6.544(x)09-718 


(S) Construction Supply Cost (Vichaa 2.181(x) 9-718 
(E) Purchased Equipment Cost (Yg) = 95.150(x)0- 718 


CAPITAL COST DURING MINE DEWATERING 


The capital cost is based on a quantity of water in cubic meters pumped per day 
against a total dynamic head of 305 m (1,000 ft). It is assumed that mine discharge 
and drilling water lines are left in place and are usable for mine dewatering 
purposes. 


The daily cost during mine dewatering is the sum of three separate cost curves 
(labor, supplies, and equipment operation) based on the the quantity of water pumped 
(X), in cubic meters per day. The curves are valid for quantities from 2,000 and 
60,000 n3, operating three shifts per day. The daily cost is multiplied by the 
total number of days allowed for dewatering the mine. 
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BASE CURVE 


(1) Labor Operating Cost (Y1z) = 3,283.826(x)9+368 
The operating labor costs are distributed as follows: 


Direct ra DOWiereletc ce crete erorete crete 82% 
Maancenance LAbDOTs +s. .s sss 18% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Bart piilds 0.6 'a.6,s.s10us.6,o 96 6.0.4.0)0.019.6 42% 15544 
Mechanics /electricians..... 154 15.44 
Underground minersS.c.ccceee 43% 18.11 


Average operating labor cost per worker-hour is $16.58 (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 1.438(x)1-177 
The supply cost consists of 904 electric power and 10% miscellaneous items such 


as lagging, hangers, brackets, and electrical fuses required during the mine 
dewatering period. 


(E) Equipment Operating Cost (Yp) = 0.017 (x)1-143 


The equipment operating cost consists of 85% for repair parts and materials and 
154 for lubrication. 


ADJUSTMENT FACTORS 


The capital cost curve during mine dewatering is based on a total dynamic head (TDH) 
of 305 m (1,000 ft). ‘The cost curve is smoothed out on an average of 120 days 
allowed for mine dewatering task. 


Dynamic Head Factor The capital cost curve is based on 305 m (1,000 ft) of TDH. 
For variation in the total dynamic head, multiply the costs obtained from the 


curves by the following factor: 


Dynamic head factor (Fy) = 0.003(H) 
where: H = total dynamic head, in meters. 


Days Factor For variation in the number of days worked, multiply the costs obtained 
from the curves by the following factor: 


Days factor (Fp) = 0.008(D) 
where: D = total number of days allowed for mine dewatering. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.1. PREPRODUCTION DEVELOPMENT 


4.2.1.11. MINE REHABILITATION 


The capital cost for mine rehabilitation is based on the assumption that the mine 
equipment and surface mine plant have been maintained under a minimal repair and 
maintenance schedule and are functional prior to rehabilitation activities; there- 
fore, no capital cost is included for equipment purchase. 


The total cost is the sum of three separate cost curves (labor, supplies, and equip- 
ment operation) based on a mine production rate (X), in metric tons material per 
day. The curves are valid for rates between 200 and 40,000 mtpd, operating one 
shift per day. The total rehabilitation cost is obtained by multiplying the daily 
cost by the number of days allowed for the mine rehabilitation. 


BASE CURVE 


(L) Labor Operating Cost (Yj) = 37,186.450(x)9+292 
The operating labor costs are distributed as follows: 


Direct labor. @eeeeoeeoeee2nese2eeee@ 83% 
Maintenance labor....cesess 7% 
Supervision. @eeeeeeesese2e28eeceee @ 10% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 


per hour 

(base rate) 
Underground minerS.....eee. 504% TST 
LADe Miners sss carcietes cco elec eee 23% 16.33 
HOESUMA Gc c.s:5's.6 014 sles elo arelale o.s 104 15.44 
Mechanics /electricians..... 7% 15.44 
SUPELVIS 1 Ollsccatticleit o eehalevete.s 104 22.08 


The average wage for labor is $17.52 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (YS) = 23,064.633(x)0-367, 
The supply cost consists of 49% electric power cable, 34% ground support, 74 
electric power, 2% blasting agent and caps, and 8% miscellaneous items. The 
miscellaneous items include small tools, ventilation duct, hose, pipe and 
valves, etc. 


(E) Equipment Operating Cost (YE) = 1,510.633(x)0-438, 
The equipment operating cost consists of 89% for repair parts and materials, 5% 
for lubrication, and 64 for miscellaneous costs. The miscellaneous costs con- 
sist of ancilliary equipment operation such as mine hoist, compressed air, and 
mine ventilation plant needed during mine rehabilitation. 
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ADJUSTMENT FACTORS 
Ground Conditions Factors The cost curves for mine rehabilitation are based on fair 
ground conditions. To adjust the curves for poor ground conditions, multiply 
the costs obtained from the curves by the following factors: 
Labor factor (Fy, poor) = 1-25 
Supply factor (Fs poor) = 1-11 
Equipment operation factor (Fp poor) = 1-25 


Conversely, to adjust the curves for good ground conditions, multiply the op- 
erating costs by the following factors: 


Labor factor (Fy goop) = 0-90 
Supply factor (Fg gogp) = 0-95 


Equipment operation factor (Fr goop) = 0-90 
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COST, thousands of dollars per day 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.1. HOISTING FACILITIES 


Selection of a mine hoist involves consideration of three sophisticated systems: 
mechanical, electrical, and the mine shaft. Each of these systems are dependent on 
numerous variables that are site-specific for each hoisting operation. To reduce 
complexities involved in determining capital costs, this section will deal with the 
two most common hoisting systems, double-drum and friction hoists. 


When selecting the type of hoisting system, the estimator should consider the 
following: 


1. Double-drum hoists are applicable to multilevel hoisting for all sizes of 
mines. 

2. Friction hoists are applicable for deep level (+915 m) and/or single level 
hoisting. 

3. Mines that hoist over 4,000 mtpd often have more than one hoist (i.e., one 
hoist may haul ore and waste and one hoist may be used for servicing the mine). The 
costs are only applicable for one hoist. If more than one hoist is required, recal- 
culate the curve(s) for each additional hoist (see ADJUSTMENTS for service hoists). 

4. Mines that hoist over 20,000 mtpd typically have more than one production 
hoist in conjunction with at least one service hoist. 

5. In choosing a hoisting system it is best to remember that these facilities 
are usually designed for a higher capacity than required. This is especially true 
for smaller mines or mines anticipating an increase in capacity (i.e. a hoist 
operating at 100 mtph may have a design capacity of 200 mtph). 

6. Single hoist mines typical hoist muck for about 804 of the daily schedule 
(i.e., 13 h of a 16 h work day), the remaining 20% of the schedule is devoted to 
transporting personnel and supplies and performing maintenance. Mines serviced by 
more than one production hoist typically hoist muck about 90% of the daily schedule. 


BASE CURVE 


The total capital cost is based on two single cost curves having a design capacity 
(X), in metric tons of ore and waste hoisted per hour. The curve is valid for capa- 
cities between 100 and 800 mtph. The curve includes costs associated with purchas- 
ing and erecting head frame, hoist house, hoist equipment, and ore and waste surge 
bins. Cost of collar foundation work and shaft loading pockets are covered in the 
section on shafts. 
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The capital cost derived from the curve is a combination of the following costs: 
Double-drum hoist 
Construction labor COSt..eeees 204 
Construction supply cost...... 43% 
Purchased equipment coSt...... 37% 
Friction hoist 
Construction labor CoOSt..c.c.eee 18% 
Construction supply cost...... 304 
Purchased equipment cOSt...... 52% 


The total double-drum hoisting facility capital cost is 
(Yc DOUBLE-DRUM = 12,131.769(x)1-926 and is distributed as follows: 


(L) Construction Labor Cost (Yz, pouBLR-DRUM) = 2+426-354(x)1-026 
(S) Construction Supply Cost (Ys pOUBLE-DRUM) = 5,216.661(x)1-926 


(E) Purchased Equipment Cost (YR pouBLE-DRUM) = 4,488.754(x)+-026 


The total friction hoisting facility capital cost is 
(Yc FRICTION) = 9,279.338(x)9°918 and is distributed as follows: 


(L) Construction Labor Cost (Yy, pRIcTION) = 1,670-281(x)9-918 
(S$) Construction Supply Cost (Ys pRictIon) = 2,783-801(x)9-918 
(E) Purchased Equipment Cost (Yg pRICTION) = 4825-256(x)9-918 
ADJUSTMENT FACTORS 
Depth Factor To determine the capital cost for hoist facilities whose maximum hoist 
depth varies from 915 m (3,000 ft), multiply the cost obtained from the curve by 


the following factor: 


Double-drum hoist: 


Depth factor (Fp) = 0.094(D)9+345 
Friction hoist: 
Depth factor (Fp) = 0.112(D)9-322 


where D = maximum hoisting depth from surface, in meters. 


Service Hoist If a hoist is to be used for service hoisting only (typical for op- 
erations which the production hoist is over 4,000 mtpd), enter the nonproduction 
hoist curve at 33% the production hoist capacity and use this value in the 
hoisting equations. 


Service hoist (Xs) = 0.33(X) 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.2.1. DRILL, BLAST, AND MISCELLANEOUS EQUIPMENT 
JACKLEGS 


This section covers costs associated with a mine using jacklegs, stopers, and 
drifters as their primary drill equipment. For mines using jumbos as their primary 
drill equipment, refer to section 4.2.3.2.2. 


The capital cost curve for drill, blast, and miscellaneous support equipment in- 
cludes the purchase of underground equipment and items not previously included in 
other sections. The cost is based on the purchased equipment curve with a produc-— 
tion rate (X), in metric tons material per day. The curve is valid between 100 to 
10,000 mtpd, operating two shifts per day. These costs are based on equipment 
being delivered and made fully operable at an appropriate site in the Denver, CO 
area. Provision is made for standby equipment, spare parts, administrative, and 
maintenance units. 


The costs on the curve are directly related to daily metric tons of production using 
jacklegs and related drilling equipment. Any costs associated with different drill- 
ing equipment (e.g., jumbos) should be costed using the appropriate curve. The 
drilling costs are to be added to costs from the appropriate haulage curves for the 
total capital equipment cost of the operation. 


The equipment contained in this curve includes drills and support equipment. Hoist- 
ing, ventilation, compressed air, pumping equipment, and power transmission lines 
are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (YR) = 1,204.235(x)9-944 


The equipment operating cost consists of 504 for drills and 50% for miscellan- 
eous equipment. 


ADJUSTMENT FACTOR 


Shift Factor The curve is based on a two-shift operation. Costs can be estimated 
for one- or three-shift operations by dividing the base number of shifts (2) by 
the actual number of shifts (1 or 3) to obtain a shift factor (F,). The shift 
factor (F,) is then multiplied by the actual daily tonnage (X) to derive the 
adjusted feed rate (X,;).- Costs can then be estimated by using (X,) as input 
to the equation. 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.2.2. DRILL, BLAST, AND MISCELLANEOUS EQUIPMENT 
JUMBOS 


This section covers costs associated with a mine using jumbos as their primary drill 
equipment. For mines using jacklegs, stopers, and drifters as their primary drill 
equipment, refer to section 4.2.3.2.1. 


The capital cost curve for drill, blast, and miscellaneous support equipment in- 
cludes the purchase of underground equipment and items not previously included in 
other sections. The cost is based on the purchased equipment curve with a produc- 
tion rate (X), in metric tons material per day. The curve is valid between 3,500 to 
50,000 mtpd, operating two shifts per day. These costs are based on equipment 

being delivered and made fully operable at an appropriate site in the Denver, CO 
area. Provision is made for standby equipment, spare parts, administrative, and 
maintenance units. 


The costs on the curve are directly related to daily metric tons of production using 
jumbos and related drilling equipment. Any costs associated with different drilling 
equipment (e.g., jacklegs) should be costed using the appropriate curve. The 
drilling costs are to be added to costs from the appropriate haulage curves for the 
total capital equipment cost of the operation. 


The equipment contained in this curve includes drills, roof bolters, and support 
equipment. Hoisting, ventilation, compressed air, pumping equipment, and power 
transmission lines are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (Ywe= 2,047.370(x) 9-839 


The equipment operating cost consists of 504 for drills and 50% for miscellan- 
eous equipment. 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING-- CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.3. CONTINUOUS MINERS 


This section covers costs associated with a mine using continuous miners, shuttle 
cars, and rock bolters. Costs in this curve cover the use of shuttle cars to move 
the ore (about 100 m) to a conveyor loading point. The costs associated with the 
conveyor haulage equipment are covered in sections 4.2.3.5. and 4.2.3.6. 


The capital cost curve for continuous miners and related equipment includes the pur- 
chase of underground equipment and items not previously included in other sections. 
The cost is based on the purchased equipment curve with a production rate (X), in 
metric tons material per day. The curve is valid between 2,000 to 30,000 mtpd, 
operating two shifts per day. These costs are based on equipment being delivered 
and made fully operable at an appropriate site in the Denver, CO area. Provision is 
made for standby equipment, spare parts, administrative, and maintenance units. 


The costs on the curve are directly related to daily metric tons of production using 
continuous miners. Any costs associated with different equipment (e.g., jacklegs) 
should be costed using the appropriate curve. The continuous miner costs are to be 
added to costs from the appropriate haulage curves (e.g., conveyor haulage equip- 
ment) for the total capital equipment cost of the operation. 


The equipment contained in this curve includes continuous miners, shuttle cars, rock 
bolters, and support equipment. Hoisting, ventilation, compressed air, pumping 
equipment, and power transmission lines are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (Yg) = 1,899.425(x)9+-969 


The equipment operating cost consists of 95% for continuous mining equipment and 
54 for miscellaneous equipment. 


100,000 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.4. DRIFT-TUNNEL BORING MACHINES 


This section covers costs associated with a mine using drift-tunnel boring and asso- 
ciated equipment. Costs in this curve cover the use of rail cars to move the mater- 
ial. 


The capital cost curve for drift-tunnel boring and related equipment includes the 
purchase of underground equipment and items not previously included in other sec- 
tions. The cost is based on the purchased equipment curve with a face diameter ex- 
cavated by the borer (X), in meters. The curve is valid between 2.74 and 10.67 m. 
These costs are based on equipment being delivered and made fully operable at an 
appropriate site in the Denver, CO, area. Provision is made for backup equipment, 
administrative, and maintenance units. 


The costs on the curve are directly related to the face diameter of the drift-tunnel 
boring machine. Any costs associated with different equipment (e.g., jacklegs) 
should be costed using the appropriate curve. The drift-tunnel boring costs are to 
be added to costs from other applicable equipment curves (e.g., conveyor haulage 
equipment) for the total capital equipment cost of the operation. 


The equipment contained in this curve includes drift-tunnel borers, a rail system 
for the machine, and support equipment. Hoisting, ventilation, compressed air, 
pumping equipment, and power transmission lines are included in other capital cost 
sections. 


BASE CURVE 


(E) Purchased Equipment Cost (Yg) = 737,914.900(x)1-119 


The equipment operating cost consists of 754 for drift-tunnel boring machine, 
16% for support equipment, and 9% for miscellaneous equipment. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.5. CONVEYOR HAULAGE EQUIPMENT 


The capital cost curve for conveyor haulage equipment includes the purchase of 
underground equipment and items not previously included in other sections. The 
cost is based on the purchased equipment curve with a production range (X), in 
metric tons material per day. The curve is valid between 1,000 and 50,000 mtpd, 
operating two shifts per day. These costs are based on equipment being delivered 
and made fully operable at an appropriate site in the Denver, CO, area. Provision 
is made for standby equipment, spare parts, administrative, and maintenance units. 


The costs on the curve are directly related to the daily metric tons transported by 
conveyor haulage. The costs are based ona 300-m (980-ft) one-way haul distance in 
level to near-level workings. Any costs associated with a different transportation 
method should be costed using the appropriate equipment curve. The costs on this 
curve are to be added to costs from the drill-and-blast equipment curve plus any 
costs associated with equipment curves for other haulage methods. 


The equipment contained in this curve includes purchase and installation of 
conveyors and support equipment. Hoisting, ventilation, compressed air, pumping 
equipment, and power transmission lines are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (YR) = 5 ,471.851(X)9+456 
The equipment operating cost consists of 92% for conveyor equipment, 3% for 
loading equipment, and 5% for miscellaneous equipment. 


ADJUSTMENT FACTOR 


Distance Factor For haul distances other than 300 m (980 ft) one way, multiply the 
costs obtained from the curves by the following factor: 


Distance) factor maar) jae 0.005(D)9-+944 
where D = one way haul, in meters, 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.6. CONVEYOR EXTENSIONS 


The capital cost curve for conveyor extension equipment includes the purchase of 
underground equipment and items not previously included in other sections. The cost 
is based on the purchased equipment curve with a transportation rate (X), in metric 
tons material per day. The curve is valid between 1,000 to 50,000 mtpd, operating 
two shifts per day. These costs are based on equipment being delivered and made 
fully operable at an appropriate site in the Denver, CO, area. Provision is made 
for standby equipment, spare parts, administrative, and maintenance units. 


The costs on the curve are directly related to the daily metric tons transported by 
conveyor haulage. This curve is primarily to be used for costs associated with 
adding on to an existing conveyor system. The costs are based on a 300-m (980-ft) 
one-way haul distance in level to near-level workings. Any costs associated with a 
different transportation method should be costed using the appropriate equipment 
curve. The costs on this curve are to be included with the costs from the drill- 
and-blast equipment curve plus any costs associated with equipment curves for other 
haulage methods in order to come up with a total equipment cost. 


The equipment contained in this curve includes purchase and installation of 
conveyors and support equipment. Hoisting, ventilation, compressed air, pumping 
equipment, and power transmission lines are included in other capital cost sections. 


The operating costs curve for conveyor haulage (5.2.3.5.) is appropriate for both 
conveyor and conveyor extension operating costs. 


BASE CURVE 


(E) Purchased Equipment Cost (YR) = 4,933.633(X)9+455 


The equipment operating cost consists of 924 for conveyor equipment, 34 for 
loading equipment, and 5% for miscellaneous equipment. 


ADJUSTMENT FACTOR 


Distance Factors For haul distances other than 300 m (980 ft) one way, multiply the 
costs obtained from the curves by the following factor: 


Distance factor (Fp) = 0.005(D)9-944 
where D = one-way haul, in meters. 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING —- CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.7. LOAD-HAUL-DUMP HAULAGE EQUIPMENT 


The capital cost curve for LHD haulage includes the purchase of underground equip- 
ment and items not previously included in other sections. The cost is based on the 
purchased equipment curve with a production range (X), in metric tons material per 
day. The curve is valid between 100 and 10,000 mtpd, operating two shifts per 

day. These costs are based on equipment being delivered and made fully operable at 
an appropriate site in the Denver, CO, area. Provision is made for standby equip- 
ment, spare parts, administrative, and maintenance units. 


The costs on the curve are directly related to the daily metric tons transported by 
LHD haulage. The costs are based on a 500 m (1,600 ft) one-way haul distance in 
level to near-level workings. Any costs associated with a different transportation 
method should be costed using the appropriate equipment curve. The costs on this 
curve are to be added to costs from the drill-and-blast equipment curve plus any 
costs associated with equipment curves for other haulage methods. 


The equipment contained in this curve includes LHD's and support vehicles. 
Hoisting, ventilation, compressed air, pumping equipment, and power transmission 
lines are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (YE 100-2,000 MTPD) = 123,893.086(x) 0-231 
(YE 2,000-10,000. MTPD) = 370.020(x)1+000 
The equipment operating cost consists of 95% for loading equipment and 54 for 


miscellaneous equipment. 
ADJUSTMENT FACTORS 


Grade Factor The curve values are based on grades up 24. For grades greater than 
2%, multiply the costs obtained from the curves by the following factor: 


Grade factor (Fg) = 0.929(1.037)6 
where G = grade in percent of incline or decline. 


Distance Factor For haul distances other than 500 m (1,600 ft) one way, multiply 
the costs obtained from the curves by the following factor: 


Distance factor (Fp) = 0.098(D)9-382 
where: D = one way haul, in meters. 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.8. RAIL HAULAGE EQUIPMENT 


The capital cost curve for rail haulage includes the purchase of underground equip- 
ment and items not previously included in other sections. The cost is based on the 
purchased equipment curve with a tonnage transported (X), in metric tons per day. 
The curve is valid between 100 and 50,000 mtpd, operating two shifts per day. 

These costs are based on equipment being delivered and made fully operable at an 
appropriate site in the Denver, CO, area. Provision is made for standby equipment, 
Spare parts, administrative, and maintenance units. 


The costs on the curve are directly related to the daily metric tons transported by 
rail haulage. The costs are based on a 915-m (3,000-ft) one-way haul distance in 
level to near-level workings. Any costs associated with a different transportation 
method should be costed using the appropriate equipment curve. The costs on this 
curve are to be included with the costs from the drill-and-blast equipment curve 
plus any costs associated with equipment curves for other haulage methods in order 
to come up with a total equipment cost. 


The equipment contained in this curve includes locomotives, ore cars, flat cars, 


loaders, and support vehicles. Hoisting, ventilation, compressed air, pumping 
equipment, and power transmission lines are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (mes 19,697.330(x) 9-539 
The equipment operating cost consists of 90% for haulage equipment, 5% for 
loading equipment, and 54 for miscellaneous equipment. 
ADJUSTMENT FACTORS 


Locomotive Factor The curve is based on using battery locomotives. For other types 
of locomotives, multiply the costs obtained from the curve by the following 
factors: 


Diesel locomotives factor (Fr, pIESEL) = 0-533 
Trolley locomotives factor (Fy, prorztEy) = 1-273 


Distance Factor For haul distances other than 915 m (3,000 ft) one way, multiply 
the costs obtained from the curve by the following factor: 


Distance Factor (Fn) = 0.0013(D) 9-968 
where: D = one way haul, in meters. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.3. MINING EQUIPMENT 


4.2.3.9. TRUCK HAULAGE EQUIPMENT 


The capital cost curve for truck haulage includes the purchase of underground equip- 
ment and items not previously included in other sections. The cost is based on the 
purchased equipment curve with a tonnage transported (X), in metric tons per day. 
The curve is valid between 1,000 and 50,000 mtpd, operating two shifts per day. 
These 

costs are based on equipment being delivered and made fully operable at an appropri- 
ate site in the Denver, CO, area. Provision is made for standby equipment, admini- 
strative, and maintenance units. 


The costs on the curve are directly related to the daily metric tons transported by 
truck haulage. The costs are based on a 680-m (2,250-ft) one-way haul distance in 
level to near-level workings. Any costs associated with a different transportation 
method should be costed using the appropriate equipment curve. The costs on this 
curve are to be added to costs from the drill-and-blast equipment curve plus any 
costs associated with equipment curves for other haulage methods. 


The equipment contained in this curve includes trucks, loaders, and support 
vehicles. Hoisting, ventilation, compressed air, pumping equipment and power trans- 
mission lines are included in other capital cost sections. 


BASE CURVE 


(E) Purchased Equipment Cost (Yg) = 2,759.215(x)0-838 


The equipment operating cost consists of 57% for haulage equipment, 38% for 
loading equipment, and 5% for miscellaneous equipment. 


ADJUSTMENT FACTORS 


Distance Factor For haul distances other than 680 m (2,250 ft) one way, multiply 
the cost obtained from the curve by the following factor: 


Distance factor (Fp) = 0.040(D)9+492 
where D = one-way haul, in meters. 


Incline Factor For haul grades greater than 24, multiply the cost obtained from the 
curve by the following factor: 


Incline factor (Fy) = 1.0 + 0.016(G) 
where: G = grade, in degrees. 


COST, thousands of dollars 


aTy 


Underground Mining—Capital Costs 





100,000 
10,000 
1,000 
0.838 
Ye= 2,759.215(X) 
1,000 <X< 50,000 
100 
1,000 10,000 100,000 


MATERIAL, metric tons transported per day 


4.2.3.9. Truck haulage equipment 


380 
4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.4. TRANSPORTATION 


4.2.4.4. RAILROAD CONSTRUCTION 


The cost in this section covers the capital expense for laying standard-gage track- 
age for main lines and spurs. The cost reflects railway installation by a crew that 
works on a one-shift-per-day schedule; furthermore, the cost is based on trackage 
that is fully ballasted. 


BASE CURVE 


The total capital cost is based on a single cost curve having a railroad length (X), 
in total kilometers. The curve is valid for a length range of 1 to 60 km, operating 
one shift per day. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 264% 
Construction supply cost...... 69% 
Purchased equipment cost...... 54 


The total railroad construction capital cost is (Yq) = 188,530.000(x)1- 000 and 
is distributed as follows: 


(L) Construction Labor Cost (Yz,) = 49,017.800(x)1-000 


(S) Construction Supply Cost (Yg) = 130,085.700(x)1-000 


(E) Purchased Equipment Cost (Yg) = 9,426.500(x)1-000 
ADJUSTMENT FACTORS 


Ballast Factor For the installation of standard-gauge trackage without ballast, 
multiply the cost obtained from the base curve by the following factor: 


Ballast factor (Fp) = 0.85 


Roadbed Construction For construction expenses resulting from roadbed clearing, 
drill and blast, and excavation, refer to Access Roads sections (4.2.7.1.1.- 
4.2.7.1.3.) and apply a roadway width of 6.1 m to the applicable cost equations; 
the additional railway expenses so derived should then be added to this sec- 
tion's capital cost. 


Equipment Factor When it is necessary to purchase equipment or to have a subcon- 
tractor perform the work, multiply the equipment operation value by the follow- 
ing factor in order to obtain the total value of equipment expense for ownership 
and operation: 


Equipment operation factor (Yp) = 1.7 
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Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
. tor's markup, multiply the costs obtained from the curves by the following 
factors: 
Laboretacton, © (Yr) \=/155 
Supply factor (Ys) = 1.2 


Equipment operation factor CY¥p)Puals2 


382 


COST, thousands of dollars 


100,000 


10,000 


1,000 


100 





Underground Mining—Capital Costs 


paral semlea: foal toa as 
Secs 
a 
4 188,550. o00(x) 
1e<- Ar <eo0 
1 10 100 


LENGTH, total kilometers 


4.2.4.4. Railroad construction 








| 


4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.4. TRANSPORTATION 
4.2.4.5. LONG-DISTANCE SURFACE CONVEYOR 


' The cost curve shown is for the acquisition and erection 
' conveyor. The conveyor is a single-flight belt conveyor 
» steel belting. The conveyor is designed for a 10° slope 
' Usually, the material is crushed or screened at the mine 
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of a long-distance surface 
made with high-strength 
and 1-km distance. 

site before being conveyed. 


Screen and crusher capital costs are not included in this cost but are covered in 


/ separate sections. 


BASE CURVE 


The total cost is based on a single cost curve having a production rate (X), in 


| metric tons material per day. 


150,000 mtpd, operating three shifts per day. The curve 


The curve is valid for production rates of 15,000 to 


includes all costs 


associated with acquisition, installation of the belt, idlers, motors, channel, and 


frame, and site preparation. 


The long distance surface conveyor capital cost derived from the curve is a combina- 


' tion of the following costs: 


Construction labor cost... «. 
Construction supply cost...... 
Purchased equipment cost...... 


31% 
5% 
647% 


_A typical breakdown of a long distance surface conveyor major cost components is: 


CONEY OL EDC tain aa ls.s ee ale sa ie aia 6 ores sith 3 
Ti verceassemb lyn tt Ge. siete ess» e5 tie 
Motors, drive trains, belt cleaners, 
and other mechanical items......... 


The total long distance surface conveyor capital cost is 
and is distributed as follows: 


364% 
447, 


20% 


(Yo) = 81,292.281(x) 9-309 


(L) Construction Labor Cost (Yj,) = 25,200.607(x) 9-309 
(S) Construction Supply Cost ONCar 4,064.614(x)9-309 
(E) Purchased Equipment Cost (Yr) = 52,027.060(x)9-309 


ADJUSTMENT FACTORS 


Belt Life The conveyor belt, 36% of equipment cost, has 


an average wear life of 8 


to 10 yr of use, based on three shifts per day, 350 operating days per year, and 


depending on the abrasiveness of the material. 
belt is standard procedure after excessive wear. 


The total replacement of the 
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Conveyor Length and Slope Factor The conveyor is 1-km long and has a 10° slope. 
For other lengths and slopes, multiply the cost obtained from the base curve by 
the following factor: 


Conveyor length and slope factor (F,) = [0.917+0.00940(S)][L/1] 
where: L = length, in kilometers, 
and S = slope in degrees, between 0° and 15°. 


The cost for a decline conveyor is equal to that for a horizontal conveyor 
(0° slope). 


Stacker-Tripper Factor If the material is conveyed to a processing plant or 
other end point such as a port facility, the capital cost for unloading from 
the conveyor is included in those sections. If the material is waste rock, 
then the cost for a tripper or stacker should be added to the estimated capital 
cost. Costs for these items vary greatly but can range from $600,000 for a 
stacker or tripper that handles 15,000 mtpd waste material to $5,000,000 for a 
stacker or tripper that handles 150,000 mtpd of waste rock. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.1. COMMUNICATIONS SYSTEM 


Costs in this section cover the purchase and installation of complete surface and 
underground communications systems. Included are extension lines from existing 
system networks; surface facilities, phone and paging systems; and underground lines 
and audible phone paging stations. Because of the current structure of the communi- 
cations industry it is likely that all surface lines and equipment will be installed 
by the company from which it is purchased. For the underground system, it is 
assumed that the supplier will deliver the equipment to the mine site but that 
operating labor will complete the installation. Costs for the phone systems are 
based on ore production level only. It is assumed that waste tonnage is minimal, 
approximately 104 of the total tonnage. If significantly larger the evaluator 
should use the larger, total tonnage figure for cost determination. 


BASE CURVE 
The total capital cost is based on a single curve having a production rate (X), in 
metric tons of ore per day. The curve is valid for a operations between 100 and 
50,000 mtpd. 
The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost....e.<. 134 
Construction supply cost...... 204% 


Purchased equipment cost...... 674% 


The total communication system capital cost is (Yq) = 1,034.914(x)9+459 and is 
distributed as follows: 


(L) Construction Labor Cost (Yyz,) = 134.539(x)0+459 


(S) Construction Supply Cost CYo)in= 206. 983(x)9+459 


(E) Purchased Equipment Cost!  (Yg) = 693.392(x)9°459 


Soe 4 ERS Tee . , : 
Freight has not been applied as all equipment and supplies will be placed at 


the site by the contractor or jobber supplying the materials. 
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4,2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.2. COMPRESSED AIR FACILITIES 


Capital costs for compressed air system, as presented here, are based on capacity of 
the facilities. This section will deal with compressors having an atmospheric pres- 
sure intake and a discharge pressure of 689 to 861 kPa (100 to 125 psi). Higher 
pressure compressor systems (1724 to 2413 kPa) are accounted for in the appropriate 
mining methods sections (vertical crater retreat and blasthole). A compressed air 
system includes primary air compressor(s) as well as backup or auxillary compres- 
sor(s), ancillary compressor equipment, piping to the mine portal or collar, and a 
compressor building. An air compressor system may include reciprocating, rotary, 
and/or centrifugal compressors. Reciprocating compressors are commonly used in all 
sizes of underground mines. Rotary compressors have the greatest application for 
supplying 689 kPa (100 psi) air to small- and medium-sized underground mines. 
Centrifugal compressors are commonly used in medium- and large-sized underground 
mines when large volumes of compressed air are required with minor demand f luctua- 
tions. The volume of compressed air required for underground mines (measured in 
cubic meters per minute) is dependent on the type of mining method used. If com- 
pressed air requirements for a mine are not known they can be estimated from the 
following information: 
Air requirement 

Mining Method per metric ton per shift, (m3/min) 
Shrinkage, cut and fill, 
mechanized cut and fill, 
Square-set stoping methods: 


Range 0.027-0. 265 

Average 0.200 
Blasthole mining: 

Range 0.073-0.094 

Average 0.083 


Longhole drilling, sublevel, 
block caving methods: 


Range 0.050-0.093 
Average 0.070 
Open stoping: 
Range 0.170-0.260 
Average 0.200 
BASE CURVE 


Total cost is based on a single cost curve having a total compressor capacity (X), 
in cubic meters installed capacity per minute, which includes line losses, leaks, 
and drilling diversity for a plant installed at 1,600 m (5,249 ft) elevation. The 
curve is valid for capacities between 20 and 2,000 m3/min. 
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| The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 7% 
Construction supply cost...... 54 
Purchased equipment cost...... 88% 


'The total compressed air facilities capital cost is (Yq) = 9,884.496 (x) 0-695 and 


is distributed as follows: 


(L) Construction Labor Cost (Yz) = 691.915(x)9-695 


494.225(x)9+695 


(E) Purchased Equipment Cost (Yg) = 8,698.356(x)9+695 
ADJUSTMENT FACTOR 


(S) Construction Supply Cost (Yo) 


Elevation Factor If elevation of the compressor plant varies from 1,600 m (5,249 
ft) a correction for altitude must be applied to the air requirements. To ad- 
just air volume requirements, multiply the cost obtained from the curve by the 
following factor: 















Elevation eee 
Factor 


6,000 





1,000 7,000 1.07 

2,000 8,000 1.11 

3,000 9,000 i Ls Eh 

' 4,000 10,000 2 beg AS) 
12,500 


The factors can be generated from the following equation: 


Elevation factor (Fp) = 0.823+0.0001(G) 
where G = elevation, in meters. 
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COST, thousands of dollars 
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14.2. UNDERGROUND MINING--CAPITAL COSTS 
14.2.5. MINE PLANT GENERAL OPERATIONS 
'Costs derived from this section include the purchase and installation of all 
»electrical devices as well as lines and poles to service all surface and underground 
‘facilities. Power is carried to the servicing transformer at each building or load 
location. This includes all distribution lines on the surface, the major distribu- 
tion lines down the shaft, and subfeeders to the load locations throughout the mine. 
'Two methods of cost determination are presented: 

1) Determine standardized power requirements from the equations given below 

and using this value, determine the electrical system capital cost by referring 


to the base curve or the related equation. 


Tonnage /electrical consumption equations: 


Total kW = 46.61(T)9-640 
where: T = ore and waste mined, in metric tons per day. 


2) Determine the electrical consumption rate for the mine under study through 
»review of the motor and lighting requirements, and use this total value rather than 
| standardized power requirements for cost determination using the base curve. 


BASE CURVE 


|'The total cost is based on a single curve having power requirements (X), in total 
‘kilowatts. The curve is valid for operations between 1,000 and 40,000 kW, operating 
two shifts per day. 


The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost....... 67% 
Construction supply cost...... 124 


Purchased equipment cost...... 21% 


The total electrical system capital cost is (Yq) = 934.503(x)9-720 and is 
distributed as follows: 


(L) Construction Labor Cost (Yz,) = 626.117(x)9-720 


(S) Construction Supply Cost (Yg) = 112.140(x)9-720 
(E) Purchased Equipment Cost (Yg) = 196.246(x)9-720 


ADJUSTMENT FACTORS 


Substation Factor Im many cases, power companies are able to supply power directly 
and a substation is not required; or, if it is required, the power company is 
willing to absorb the cost of its installation. This is especially true for 
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the smaller tonnage facilities whose power usage does not exceed 10,000 kV°A. 
To adjust the electrical system capital costs for these instances, multiply the 
costs obtained from the curves by the following factors: 


Labor factor CF, )) = 10.93 
Supply factor (Fs) = 0.98 
Purchased equipment factor (Fp) = 0.53 


Adit Entry Factor In the event an adit entry is the primary means of access for the 
mine under investigation it is necessary to reduce the total kilowatt demand by 
the power requirements for hoisting and drainage. As both of these activities 
will not be required in that instance, reduce the total power appropriately 
before determining the capital cost using the cost equation contained in this 
section. If the evaluator has estimated or knows the power requirements for 
these activities, the adjustment can be made directly. If the power require- 
ments are being estimated using the metric tons mined to kilowatt demand equa- 
tion on the previous page, multiply the costs obtained from the curves by the 
following factor: 


Adit entry factor (Fa) = 0.47 


COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.4. FUELING SYSTEM 


The capital cost of fueling systems is based on estimated daily mine production, and 
accounts for all supplies and equipment needed for fuel storage and distribution, as 
well as installation labor. Costs are based on shaft entry mines serviced primarily 
by diesel equipment. Factors are provided for nondiesel operations, and mines 
accessed by adits. Mines generally have large surface fuel storage facilities that 
are connected by feeder lines to small underground distribution tanks. Small opera- 
tions may rely on a single small fuel truck or rail fuel car that can be transported 
between levels. 


The total capital cost is based on a single curve having a production rate (X), in 
metric tons ore and waste mined per day. The curve is valid for operations between 
20 and 50,000 mtpd, operating two shifts per day. 

BASE CURVE 
Total cost accounts for purchase and installation of all surface and under- ground 
fuel storage tanks, tank fittings, foundations, individual tank piping, connecting 


pipes, pipe hangers, pumps, valves, and filters. 


The capital cost derived from the curve is a combination of the following costs: 


Construction labor coSt....... 21% 
Construction supply cost...... 77h 
Purchased equipment cost...... 2% 


The total small fueling By eens 20 to 375 mtpd, capital cost is 
(Yo SMALL) = 11,547.394(x)9-000 and is distributed as follows: 


(L) Construction Labor Cost (Yq, smapy) = 2.424-953(x)9-000 
(S) Construction Supply Cost (Yg gmayzy) = 8,891-493(x)9+000 


(E) Purchased Equipment Cost (Yp smazy) = 230-948(x)9-000 


The total large fueling system, 375 to 50,000 mtpd, capital cost is 
(Yc LARGE) = 10, 362.394+3.161(X) is distributed as follows: 


(L) Construction Labor Cost (Yq, parce) = 2,176-103+0.664(X) 

(S) Construction Supply Cost (Yg yarcr) = 7,979.043+2.434(X) 

(E) Purchased Equipment Cost (Yp yarcr) = 207-248+0.063(X) 
ADJUSTMENT FACTORS 


Nondiesel Mine Factor In mines where the majority of the equipment is powered by 
sources other than diesel fuel, only a small surface storage facility is needed. 
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To account for this reduction in equipment, multiply the cost obtained from the 
curve by the following factor: 


Nondiesel mine factor (Fy) = 0.148 


)} Adit Entry Factor Mines that use an adit as their main access often depend on 
fuel trucks for diesel distribution rather than an underground fuel tank and 
pumping station. To account for the elimination of the underground fueling 
station, and the addition of a fuel truck, multiply the cost obtained from the 
curve by the following factor: 


Adit entry factor (Fa) = 0.854 


CAUTION Some States prohibit the storage of diesel fuel underground. This informa- 
tion can be obtained from the agency in charge of mining regulation for the 
State in question. If the deposit is in a State that prohibits underground fuel 
storage, the adit entry factor must be applied. This will eliminate the under- 
ground fueling station and account for an alternative distribution system. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.6. OFFICES AND LABORATORIES 


The cost curves for offices and laboratories include construction of general 
offices, engineering and safety offices, and laboratories, including furnishings as 
well as all necessary assay equipment. Building costs are based on masonry 
construction. In this section, office and laboratory capital costs are presented 
separately. It has been found that the type of equipment required as well as 
typical construction of these two facilities differ considerably; therefore, 
separate curves allow for greater accuracy in cost determination for these 
categories. To determine the total cost for this section it is necessary to 
determine each category cost individually and then combine the resultant two 
values. 


BASE CURVES 


The costs obtained from these curves are based on the assumption that these facili- 
ties will be used only for mining operations. If the mine and mineral processing 
plant are to share the same facilities, the user must determine, using a knowledge 
of the requirements, what can be jointly used and apportion the resulting costs to 
the mine and plant. 


OFFICES 


The total capital cost is based on a single cost curve having an area (X), in square 
meters of office space or on a single cost curve having a production rate CBB aby) 
metric tons ore and waste mined per day (a typical waste tonnage of 10% is assumed; 
if this percentage is substantially exceeded, the total tonnage should be used for 
T). The curve is valid for areas of 60 to 4,000 m2, or 150 to 22,000 mtpd, 
operating two mining shifts per day. The capital cost curve for offices includes 
construction of administrative, engineering, and safety office space, as well as 
office furnishings. 


If office space requirements are known the capital cost estimate may be made 
directly by consulting the curve; if space requirements are not known they can be 
estimated from the following equation: 


Square meters of office space = 4.332(T)9+588 
where: T = ore and waste mined, in metric tons per day. 


The final cost office cost derived from the curve is a combination of the following 
costs: 


Construction labor cosSt....«.. 39% 
Gonstruction (supply. costae... 50% 
Purchased equipment cost...... 11% 
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The total office capital cost is (Yo squaRE METERS) = 812-061(Xx)9-96> and is 
distributed as follows: 


(L) Construction Labor Cost (Yz, oFFICES-SQ M) = 316.704(x)9+ 965 


(S) Construction Supply Cost (Yg oFFICES-SQ M) = 406.031(x)9-965 


(E) Purchased Equipment Cost (Yg oFFICES-SQ M) = 89.327 (x)0-965 


The total office capital cost is (Yc mppp) = 2,961-959(T)9*595 and is distri- 
buted as follows: 


(L) Construction Labor Cost (Yj, oFFICES-MTPD) = 1,155.164(T)9+ 595 


(S) Construction Supply Cost (Ys orrricrs-MTpD) = 1,480.980(T) 9-595 


(E) Purchased Equipment Cost (Yp oFFICES-MTPD) = 325-815(T)9+595 
LABORATORIES 


The total capital cost is based on a single cost curve having an area (X), in square 
meters of office space or on a single cost curve having a production rate (T), in 
metric tons ore and waste mined per day (a typical waste tonnage of 10% is assumed; 
if this percentage is substantially exceeded, the total tonnage should be used for 
T). The curve is valid for areas of 28 to 700 m2, or 850 to 18,000 mtpd, 

operating two mining shifts per day. The capital cost curve for assay laboratories 
includes construction of sample preparation, analytical, and metallurgical 
laboratory space as well as crushing, assaying, and metallurgical laboratory 
equipment. The capital cost is based on steel building construction and is for a 
laboratory used only by the mine. If laboratory space requirements are not known 
they can be estimated from the following equation: 


Square meters of laboratory space = 0.687(T)0- 628 
where: T = ore and waste mined, in metric tons per day. 


Use the larger of 28 m2 or the computed value for actual cost determination 
through the base curve below if laboratory facilities are to be built on-site. 


The final assay laboratory cost derived from the curve is a combination of the 
following costs: 


Construction labor cost....... 204 
Construction supply cost...... 22% 
Purchased equipment coSt...... 584% 


The total laboratory capital cost is (Y¢ squaRE METERS) = 2,645.438(x)9-90L and 
is distributed as follows: 


(L) Construction Labor Cost (Yz, paps-sq mM) = 529-088(x)0-901 


(S) Construction Supply Cost (Yg raps-sq mM) = 581.996 (x) 9-901 


(E) Purchased Equipment Cost (YE LABS-SQ w = 1534.354(x)0-90L 
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(The total laboratory capital cost is (Yc yrppp) = 1,874.219(T)9+565 and is dis- 
‘tributed as follows: 


| (L) Construction Labor Cost (Yq, ,aps-mrpp) = 374-844(T)9+565 

(S) Construction Supply Cost (Yg yaps-mrpp) = 412-328(T)9-565 

(E) Purchased Equipment Cost (Yp paps-mMrpp) = 1,087.047(T)9-565 
ADJUSTMENT FACTORS 


‘Joint Facility Factor When laboratory facilities are jointly used, which is often 
the case, multiply the laboratory area requirements for the mine by 1.5, deter- 
mine the appropriate capital cost, and then split the cost 50% for the mine and 
mill capital cost categories. Combined mine and mill laboratory area should not 
exceed 700 m2. If the number of samples assayed by the mine and mill are 

known, laboratory cost should be divided on this basis. 


|Shift Factor It is important to note that if a smaller laboratory is built with the 
| intent of operating three shifts per day rather than two, as assumed for the 
base case, capital costs will be substantially reduced. Likewise, space 
requirements for a laboratory operated one shift per day will be considerably 
greater. To adjust from the two shift basis it is necessary to multiply the 
shift ratio (base/actual) times the mine capacity before determining the space 
requirements through the tonnage/square meter relationship and then use the 
adjusted value for actual cost determination. For offices this is not generally 
considered to be a suitable adjustment as these facilities are invariably used 
only one shift per day. 


Weather Factor For office facilities and laboratory facilities located in climates 
that vary from the Denver, CO, area, multiply the costs obtained from the curves 
by the following factors: 


Mild areas: 
Weather factor (Fy, ofFICE-MILD) = 0-95 





Weather factor (Fy, LABORATORY-MILD? = 0.98 


Severe areas: 
Weather factor (FI, OFFICE-SEVERE) = 1-07 


Weather factor (Fy, LABORATORY-SEVERE = 1.04 








COST, thousands of dollars 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.7. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 5.2.4.8. when electrical 
power is unavailable through a commercial power utility company or when it would be 
uneconomical to run power distribution facilities to the user. No adjustments are 
necessary for the mine or mineral processing plant electrical system [sections 
2.2.4.2., 4.2.5.3., and 6.1.8.4. (IC 9143)] because output power matches the power 
input to the mine/processing plant transformer-switchgear substations. 


The cost shown is for acquisition and installation of the primary power source, 
either a horizontal-diesel or a gas-turbine operated generator. The cost curve is 
based on a single 60-Hz, three-phase electrical generator providing all power at the 
rated kilowatt output. This section should be included in the mine and/or mineral 
processing plant capital cost totals. 


BASE CURVE 


The total capital cost is based on a single cost curve having an average continuous 
power output (X), in kilowatts. The curve is valid for generators between 18 to 
23,600 kW. The curve includes all costs associated with the acquisition, transpor- 
tation, and installation of single-unit generators. 


To convert from kilovolt amperes (kV°A) demand to kilowatt (kW) power output, 
estimate power factor (PF). This may vary from 0.80 for electric motor circuits to 
1.00 for electric light circuits. The kilowatt power output is then determined by 
kV°A x PF = kW. 


The costs derived from the curves are a combination of the following costs: 


Horizontal diesel Gas turbine 
(18 to (2,900 to 
2,900 kW) 23,600 kW) 
Installhationblabor: CoSt. ss... sss 21% 214 
Installation materials cost...... 20% 204 
Purchased equipment coSt......e.e. 58% 59% 
Freion Go Cost cc's ete cle clelelcrs eicve crsle chews ip - 


Installation is assumed to be half labor and half materials. 


The total diesel powered portable power generation capital cost is 
(Yo DIESEL) = 797-574(%)9-876 and is distributed as follows: 


(L) Installation Labor Cost (Yq, prgspy) = 167-491(x)0+876 
(S) Installation Materials Cost (Yg prrgpy) = 159.514(x)9-876 


(E) Purchased Equipment Cost (YR prrgpy) = 470-568(X) 9-876 
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'| The total turbine-powered PRreo Re power generation capital cost is 

|e TURBINE) = 23251. 219(x)9+872 and is distributed as follows: 

| (L) Installation Labor Cost (Yy, curBINE) = 472-756(x)0+872 

(S) Installation Materials Cost (Yg yyurBINE) = 450-244(x)0-872 


(E) Purchased Equipment Cost (Yg TURBINE) = 1328.-219(x)9-872 


|| Power Output Determination For surface mine power output (kW), see Electrical 
Wsystem (section 2.2.4.2.). For underground mine and mineral processing plant power 


‘demand (kV*°A), see Electrical System [sections 4.2.5.3. and 6.1.8.4. (IC 9143)]. 
ADJUSTMENT FACTORS 


‘Power Rate If power is to be supplied by more than one unit, the total power output 
should be divided by the number of required units to obtain the power output per 
unit (X) needed for entering the curve. After the unit-cost has been calcu- 
lated, the cost must be multiplied by the total number of units used. 


|) Power Source If geography or economics necessitate multiple power sites to support 


mines and mineral processing plants, portable power cost should be estimated 
separately for each site using this section. 


|) Shift Adjustment Adjustment for the number of operating shifts is implicit in the 
choice of the average continuous power output. 


|| Economic Life The normal economic life for generators is 25,000 h for units rated 
at 1,100-kW output or greater and ranges from 11,000 to 17,500 h for units rated 
at less than 1,100-kW output. 


If the units are operated at standby rates, roughly 104 over capacity, the 
economic life would decrease by 504. 


If high-sulfur fuels are used, the economic life would be decreased by 254. 
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| 4.2. UNDERGROUND MINING--CAPITAL COSTS 


4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.8. REPAIR SHOPS AND WAREHOUSES 


In this section underground and surface facilities for repairing and ware- housing 


mine equipment and supplies are presented separately. Total capital cost is the 


summation of the two categories. If a mine's primary haulage system utilizes track- 
less equipment with an adit entry and/or has all repair shops and warehouses located 
on the surface and underground, the estimator should refer to section 2.2.4.7. 
(Surface Mine Repair Shops and Warehouses). 


BASE CURVES 


Repair shop and warehouse capital cost curves include all costs associated with 
acquisition, installation, and equipping of repair shops and warehouses for an 
underground mining operation. Repair shops are adequately equipped to maintain and 
repair virtually all mine equipment. 


The total capital cost is based on a single cost curve having an area (X), in square 
meters of floor space or on a single cost curve having a production rate (T), in 
metric tons ore and waste mined per day (a typical waste tonnage of 10% is assumed; 
if this percentage is substantially exceeded, the total tonnage should be used for 
T). The curve is valid for areas between 40 and 17,000 m2 (300 to 3,400 m2 for 
underground facilities and 40 to 17,000 m2 for surface facilities), or 300 to 


' 63,000 mtpd, operating two mining shifts per day. 


SURFACE REPAIR SHOP AND WAREHOUSE FACILITIES 


The surface facilities capital costs are based on single-story steel building con- 
struction for Denver, CO, area weather requirements. If surface repair shop and 


_warehouse space requirements are known the capital cost estimate may be made 


directly by consulting the curve (the curve is valid for areas between 40 and 17,000 
m“). If surface repair shop and warehouse space requirements are not known, they 
can be estimated from the following equation: 


Square meters = 0.500(T)09-952 
where: T = ore and waste mined, in metric tons per day. 


The final surface repair shop and warehouse cost derived from the curve is a combi- 
nation of the following costs: 


Small Large 

(40 to (9,000 to 

9,000 m2) 17,000 m2) 
Construction labor cost..... 34% 42% 
Construction supply cost.... 42% 51% 
- Purchased equipment cost.... 24% 7h 


The total surface repair shop and yeaa ae 0c ae cost is 
(Yo SURFACE-SQUARE METERS) = 1,089-174(X)*° and is distributed as follows: 
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(L) Construction Labor Cost (Yj, suRF-SM-SQ M) = 272.294 (x)0+856 
(S) Construction Supply Cost (Yg syurr-sM-sq M? 337.644 (X) 9-856 


(E) Purchased Equipment Cost (Yg suRF-SM-SQ M) = 479.237 (x) 9-856 
(L) Construction Labor Cost (Yqz, surF-LG-Sq M) = 457.453 (X)0-856 


(S) Construction Supply Cost (Ys surF-LG-Sq M) = 555.479 (x) 9-856 
(E) Purchased Equipment Cost (Yp surF-Lc-So M) = 76-242(x)0-856 


(L) Construction Labor Cost (Yqz, surF-AvG-SQ M) = 370.319 (x) 9-856 
(S) Construction Supply Cost (Yg gurr-avc-Sq mM) = 446.561 (xX) 9-856 


(E) Purchased Equipment Cost (Yg surRF-AvG-SQ M) = 272.294 (xX) 9-856 


The total surface repair shop and warehouse capital cost is 
(Yc SURFACE-MTPD) = 862.559(T)9*/92 and is distributed as follows: 


(L) Construction Labor Cost (Yq, syurr-SM-MTpp) = 362-275(7T)9+792 


(S) Construction Supply Cost (Ys syrp—sm—mrpp) = 267-393(1T)9-792 
(E) Purchased Equipment Cost (Yp syrp-SM-MTpp) = 379-526(T)9-792 


(L) Construction Labor Cost (Yq, surF-1G-MTpp) = 521-676(T)9-792 
(S) Construction Supply Cost (Yg syrp-rc-mrpp) = 439-905(T) 9792 


(E) Purchased Equipment Cost (Yp syrp-rc-mrpp) = 60-379(7T)9+792 


(L) Construction Labor Cost (YI, SURF-AVG-MTPD) = 293.270(T) 0-792 
(S) Construction Supply Cost (Yg syrr-AvG-MTpp) = 353-649(T)9+792 


(E) Purchased Equipment Cost (YR syrp-AvG-MTpp) = 215-640(T)9-792 
UNDERGROUND REPAIR SHOP AND WAREHOUSE FACILITIES 


Underground facility costs are based on excavating and equipping well-illuminated, 
painted, and concrete-floored repair shops and warehouses. If underground repair 
shop and warehouse space requirements are known the capital cost estimate may be 
made directly by consulting the curve (the curve is valid for areas between 300 to 
3, 400 m2). If space requirements are not known they can be estimated from the 
following equation: 


Square meters = 53.646(T)9+376 
where: T = ore and waste mined, in metric tons per day. 


The final underground repair shop and warehouse cost derived from the curve is a 
combination of the following costs: 


Small Large 
(300 to (2,300 to 
2,300 m2) 3,400 m2) 
Construction labor cost..... 23% 21% 
Construction supply cost.... 30% 29% 
Purchased equipment cost.... 47% 504 


The total underground repair shop and warehouse capital cost is 
(Yc UNDERGROUND-SQUARE METER? _ 79.664(x)1-189 and is distributed as follows: 
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(L) Construction Labor Cost (Yj, yg-sm-sq mM) = 20. 713(x)1-189 
(S) Construction Supply Cost (Yg yg-sgm-sq m) = 31.866 (x)1-189 


(E) Purchased Equipment Cost (Yg yog-sm-sq M) = 27.086 (x)1+189 


(L) Construction Labor Cost (Yj, yg-1G-sq M) = 16.729(x)1-189 
(S) Construction Supply Cost (Yg y¢-LG-Sq Mm) = 23.103(x)-189 


(E) Purchased Equipment Cost (YR ycg-1c-sq ) 39.832 (x)1-189 


(L) Construction Labor Cost (Yz, y¢-ayc-sq M) = 18.323(x)1-189 
(S) Construction Supply Cost (Ys yc-avcG-sq M) = 25.492 (x)1-189 


(E) Purchased Equipment Cost (Ym yc-avc-sq M) 35.849 (x)1-189 


‘The total underground repair shop and warehouse capital cost is 
(Yo UNDERGROUND-MTPD) = 8.425-625(T)9*457 and is distributed as follows: 


(L) Construction Labor Cost (Yj, yg—sm-mrpp) = 2,190.663(T)9-457 
(S) Construction Supply Cost (Ys yq—sm-mrpp) = 3,370-250(T)9°497 


(E) Purchased Equipment Cost (Yp yc—-sM—MTpp) = 2,864. 712(T)9+497 


(L) Construction Labor Cost (Yq, yo-1c-mrpp) = 1,769-381(T)9*457 
(S) Construction Supply Cost (Yg yo-1g-MTpp) = 2,443-431(7T)9+457 


(E) Purchased Equipment Cost (Yp yo-Lg-mrpp) = 4,212.813(T)9+497 


(L) Construction Labor Cost (Yz, yg-avc-mrpp) = 1,937-894(T)9+457 
(S) Construction Supply Cost (Yg yco_ayc-mtpp) = 22696-200(T)0.457 


(E) Purchased Equipment Cost (Yp yc-AyG-MTpp) = 35791-531(T)9°49/7 
ADJUSTMENT FACTORS 


‘Weather Factor For underground mines with surface facilities located in climates 
that vary from the Denver, CO, area, multiply labor and supplies portions of the 
costs obtained from the surface facilities curve by the following factors: 


Mild areas: 
Labor factor (Fy, SUR FACE-MILD? = 0.94 


Supplies factor (Fs SURFACE-MILD) = 0.94 


Severe areas: 
Labor factor (Fy, SURFACE-SEVERE) = 1.08 





Supplies factor (Fs syrFACE-SEVERE) = 1-08 


‘Room-and-Pillar Mine Factor For room and pillar mines with underground facilities 
emplaced in mined out areas, multiply the costs obtained from the curves by the 
following factors: 


Labor factor (Fy, R&P MINED OUT AREAS? = 0.48 


Supplies factor (Fs R&P MINED OUT AREAS) = 0-41 


‘Multilevel Mine Factor Multilevel mines commonly have satellite shops on each 
active producing level for equipment maintenance and minor repairs. The cost 
for satellite repair shops is 
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Satellite repair shops cost (Yg) = (N)9.710(T)0-914 
where N = number of active producing levels, 
and T = ore mined, in metric tons per day. 


Add the cost for satellite repair shops to the costs obtained from the curves to. 
obtain a total cost. 








COST, thousands of dollars 
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'4.2. UNDERGROUND MINING--CAPITAL COSTS 


}4.2.5. MINE PLANT GENERAL OPERATIONS 


14.2.5.9. STOCKPILE STORAGE FACILITIES 


\A stockpile storage facility provides sufficient storage capacity for a material 
suntil it can be further processed. A storage facility may also provide adequate 
"reserve material to dampen surges in the material supply. Examples of materials 
‘stockpiled are smelter flux, coal, and coarse ore. For this base curve, capital 
‘cost is correlated to the live storage capacity of the stockpile facility. Live 
istorage capacity of a stockpile is normally about 254 of the total stockpile 
capacity and 1502 of the daily stockpile reclaim rate. The stockpile storage 
facility capital cost includes all costs associated with acquisition and installa- 
‘tion of stockpiling conveyors, reclaim tunnels, reclaim feeders, and reclaim 
conveyors. 


BASE CURVE 


| The total capital cost is based on a single cost curve having a live storage capa- 
beity (X), in metric tons. The curve is valid for capacities of 3,000 to 300,000 at, 
| operating two shifts per day. 


‘The capital cost derived from the curve is a combination of the following costs: 


Construction labor cost....... 13% 
Construction supply cost...... 364 
Purchased equipment cost...... 51% 


‘A typical breakdown of the major cost components is: 


Reclaim feederS..ccccccccccece 14% 
Stockpiling conveyor.....ceoee 23% 
Reclaim tunnels..ccccccccccces 31% 
Reclaim conveyorS.cccccccccces 32% 


The total stockpile storage facility capital cost is (Yq) = 1,401. 013(x)0-598 
and is distributed as follows: 


(L) Construction labor cost (Yz) = 182.132(x)0-598 


(S) Construction supply cost (Yo) = 504.365(x) 0-598 
(E) Purchased equipment cost (Yg) = 714.516(x)09+598 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
‘4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.10. SURFACE BUILDINGS 








\Surface building capital costs cover the general support facilities required for the 
jmining operation. The buildings are single-story construction. The total capital 
‘cost is based on a single cost curve having a combined floor space (X), in square 
meters or having a production rate (T), in total metric tons of ore and waste per 
day. The curve is valid for areas of 20 to 20,000 m2, or production rates of 290 

to 12,000 mtpd, operating three shifts per day. 








BASE CURVE 


‘Through use of the base curve, the evaluator may determine the total cost of all 
bud idinge covered in this category. These buildings include the change house, 
\powder magazines, lamproom, first aid room, guard house, and security fences. The 
‘determined cost encompasses construction material, construction labor, as well as 
\jpurchase and installation of the building fixtures. 


If the total required floor space is not known, the final cost may be estimated by 
first determining the staffing or labor requirements needed based on the number of 
metric tons to be mined each day. In a three-shift-per-day operation, the surface 
building area needed equals approximately 2.23 m2 for each individual employed in 
the mining operation. By taking the daily tonnage mined and dividing that number by 
|'the appropriate tonnage per worker ratio found in the tabluation on the following 
|\;page, one derives an estimate of the daily labor requirements. If this value is 
eer coer divided by three shifts per day and the resultant answer multiplied by 2.23, 
jan estimate of the square meter requirements for surface buildings can be achieved. 





Square meters requirement (Xs) = 0.743(T/R) 
where T = ore and waste mined, in metric tons per day, 
and R = metric tons per worker-shift ratio (see tabluation on following 


page). 





|The final answer is then entered into the square meters base curve equation. 


The surface buildings capital cost derived from the curve is a combination of the 
following costs: 


Construction labor coSt....... 322% 
Construction supply cost...... 51% 
Purchased equipment coSt...... 17% 


|The total surface buildings capital cost is (Y¢ SQUARE METERS) = 
8, 987.000 (x)9-684 and is distributed as follows: 
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(L) Construction Labor Cost (Yq, squARE METERS) = 2,875.840(Xx) 0+ 684 
(S) Construction Supply Cost (Yg squarE METERS) = 4,583.370(x)0-684 
(E) Purchased Equipment Cost (Yr squARE METERS) = 1,527.790(x)09-684 


The total surface buildings capital cost is (Yc yqppp) = 13,552.211(T)9+436 ana 
is distributed as follows: 


(L) Construction Labor Cost (Y, MrTpp) = 4,336.708(T) 9-436 


6,911.628(T)0+436 


(S) Construction Supply Cost (Yg yrpp) 


(E) Purchased Equipment Cost (Yrg mtpp) = 2,303.876(T)9-436 


Productivity of mining methods 





Metric tons/worker-shift ratio 












Method High 
Room and pillar........ 45-64 
Sublevel caving........ 36-45 
BLOCKEGAVING. calsiec + celele 36-45 
Sublevel stoping....... 27230 


Cutvandst?llemining. oe 
Shrinkage stoping...... 
Square set mining...... 


NAp Not applicable. 


Source: Modified from Society of Mining Engineers AIME Underground Mining 
Methods Handbook, ed. by W.A. Hustrulid, 1982, p. 109. 


ADJUSTMENT FACTORS 


Joint Facility Factor If mine and mill share these facilities it is important to 
reduce the capital cost of the mine section appropriately. To determine the 
capital cost in this instance, calculate the total space requirements for both 
mine and mill and the percentage each facility requires. The amount to be 
accounted to mine capital cost can be then calculated, using the base curve, 
from the mine's percentage of the total space requirements. 


Weather Factor For surface buildings located in climates that vary from the Denver, 
CO, area, multiply the labor and supplies costs obtained from the curves by the 


following factors: 


Mild areas: 
Labor factor (Fy mrzp) = 0-960 


Supply factor (Fg mrp) = 0.940 


Severe areas: 
Labor factor (Fy, sryerE) = 1.080 


Supply factor (Fo SEVERE? = 1.080 
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(Shift Factor Where a proposed mine will be operating less than three shifts per 

| day, the surface building requirements will rise a fractional amount. The addi- 
tional floor space for the change house should be determined and included with 
the value used in the base curve equation. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.11. VENTILATION SYSTEM 


Mine ventilation system capital and operating costs are dependent on the energy to 
move a quantity of air through a mine. Some factors that determine mine air quan- 
tity, measured in cubic meters per minute, are the number of personnel underground, 
diesel equipment operation, presence or absence of methane, and air temperature and 
humidity. Energy, measured in kilowatts, required to move an air quantity through a 
mine is dependent on the mine's pressure head or mine head, measured in pascals. 
Factors that affect mine head are airway length, airway perimeter, airway perimeter 
roughness, air velocity, and overall configuration of the airways. 


Costs derived using this cost-equation are valid for proposed or recently opened 
mines. For older, more complex ventilation systems with numerous shafts, 

levels, and working areas, more reliable costs may be determined by obtaining the 
actual equipment and installation cost data from the mine owner and equipment 
manufacturers. 


If mine air quantity and mine pressure head (measured in pascals) are known, consult 
the base curves directly. If mine air quantity and mine head are not known, 
requirements may be estimated using the information below. 


Air quantity per metric ton Mine head 
Mining Method (m3 /min/mt) (Pa) 
Room and pillar: 
RAMPS siclc s cie o Pi clels cis stele cic lelelete srete’s 0. 539-5.208 13245-25191 
AN G@TARCalc:c cic cielo sialarhetercialetersicrereters oly, 1,609 
Sublevel caving, panel caving, 
sublevel blasthole, VCR, longhole: 
RANGES ce slctatereie/e’ elateletels eratcte ates eels 1.158-7.881 3/2—35506 
AVEGTAZ Cle aclu isles oc als cleleiniete clelele'sle\e 3.394 gah Mah 
Block caving: 
R:ANZE cieleeis cle che alst sieleletsre ctaietetete 0.607-1.784 L718 =5, 727 
AVETARE 015 65sec a cele oclsialeteiete ajsrele « 1.163 Hagen’) Ee) 
Cut and fill, shrinkage, square 
set: 
RAMP sje nos c'sls'c os 46 no's s «o's ohetetetete Dil 72-5. 073 1,992-6;723 
AVGRAR Clete wis sleio sits ie's sileieelevetetersterste 3.789 Ped OFM 


(Pressure head conversions 1 psi = 27.7 in Hj0 = 6.8948 kPa) 
BASE CURVE 


Total cost is based on a single cost curve having a mine air quantity demand (X), in 
cubic meters per minute. The curve is valid between 1,000 and 60,000 m3/min, 
operating three shifts per day. The excavation cost for airways (i.e. drifts, 
crosscuts, shafts, and/or raises) are not included in this curve and should be 
derived in section 4.2.1., Preproduction Development. 
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|| The ventilation curve cost includes the installed cost of the main ventilation sys- 
}item and acquisition cost of auxiliary ventilation equipment. Main system installa- 


|ition includes the cost of labor, fans, foundations, motors, ductwork, bulkheads, and 
‘|The capital cost derived from the curve is a combination of the following costs: 
Construction labor coSt...e..e. 19% 

Construction supply cosSt....... 13% 


Purchased equipment cost....... 68% 


| The total ventilation system capital cost is (Yq) = 278,119. 058e9- 00004 (x) and 
is distributed as follows: 


(L) Construction Labor Cost Cpa 52,842.621e0- 00004 (Xx) 


(S) Construction Supply Cost (Yg) = 36,155.478e0+00004 (x) 


(E) Purchased Equipment Cost (Yp) 
ADJUSTMENT FACTORS 


189,120.959e9- 00004 (Xx) 


/Air-Cooling and Air-Warming Factors Depending on climatic and/or underground condi- 
tions, mine air may need to be warmed and/or cooled. If a ventilation system 
supplies intake air through a service shaft and outside temperatures go below OC 
(32F) for an extended period of time, air-warming is necessary. Air-cooling 
plants are used when mine air wet-bulb and dry-bulb temperatures are near or 
above 27C (80F) because of a hot climate, high wall rock temperatures, and/or 
high water temperatures. 


If air cooling is required, multiply the cost obtained from the ventilation 
system curves by the following factors: 


Labor factor (Fy, COOLING) ae tert G, 
Supply factor (Fs cooz,Inc) = 1-15 
Purchased equipment factor (Fg coozrnc) = 1-30 


If air warming is required, multiply the cost obtained from the ventilation 
system curves by the following factors: 


Labor factor (Fy, waRMING) = 1-10 
Supply factor (Fs warmInc) = 1-11 


Purchased equipment factor (FR WARMING) = 1-10 


Underground Mining—Capital Costs 
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14.2. UNDERGROUND MINING--CAPITAL COSTS 






14.2.5. MINE PLANT GENERAL OPERATIONS 


'4.2.5.12.1. WATER AND DRAINAGE SYSTEM 
| DRAINAGE AND DISPOSAL SYSTEM 


‘The capital cost of a drainage system is based upon the volume of water pumped daily 
‘from the underground workings. The system is composed of pumping equipment, pipes, 
‘connectors, valves, sumps, service adits and pumping stations, formwork, concrete 
‘flooring, miscellaneous wiring, and maintenance equipment. Discharged water is 
pumped through piping to a surface mill or tailings pond. 


BASE CURVE 


‘The total capital cost is based on a single curve having a water discharge rate (X), 
in cubic meters per day. The curve is valid for pumping operations between 600 and 
20,000 m3/d, operating 24 h/d. A standard pumping height of 610 m (2,000 ft) is 

»used. Allowances have been made for pumping head versus pumping height. As 
individual cases will invariably require adjustment for depth, an appropriate factor 
is given in the adjustments section below. 


'The capital cost derived from the curve is a combination of the following costs: 
Construction labor cost....... 154 
Construction supply coSt...... 19% 


Purchased equipment cost...... 66% 


The total drainage supply system capital cost is (Yc) = 1,093.057(x)9-690 and is 
|| distributed as follows: 


(L) Construction Labor Cost (Yz) = 163.959(x)9+690 


(S) Construction Supply Cost (Yg) = 207.681(x)9-690 
(E) Purchased Equipment Cost (YR) = 721.418(x)9-690 


ADJUSTMENT FACTORS 


Total Pumping Height When pumping heights differ from the 610 m (2,000 ft) standard 
used here, multiply the costs obtained from the drainage and disposal curves by 
the following factor: 


Height factor (Fy) = 0.64 2e 0+ 0008 (H) 
where: H = actual pumping head, in meters. 


Horizontal Drainage Factor If drainage water is collected, and initial settling 
occurs in sumps located in the mine prior to pumping the water out through the 
portal of an adit (rather than up a shaft), multiply the costs obtained from the 
drainage and disposal curves by the following factor: 
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Horizontal drainage factor (Fp grrriinc) = 0-37 
This cost is distributed 364 for labor, 44% for supplies, and 204 for 
equipment. 


If drainage water is pumped directly out of an adit portal without initial set- 
tling, multiply the costs obtained from the drainage and disposal curves by the 
following factor: 


Horizontal drainage factor (Fp no srTTLinc) = 0-22 
This cost is distributed 32% for labor, 394 for supplies, and 29% for 
equipment. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.5. MINE PLANT GENERAL OPERATIONS 


4.2.5.12.2. WATER AND DRAINAGE SYSTEM 
WATER SUPPLY SYSTEM (MAKEUP WATER) 


The capital cost of a water supply system is based on volume demand and includes 

a method for collection, storage, and distribution of water. A mine and mill near 
to each other typically use the same water system. Water systems capable of supply- 
ing up to 125 m3/h (550 gal/min) of makeup water usually comprise a system of 

wells, storage tanks at the mine site, and distribution lines between the various 
use locations. Larger systems generally include long, large-diameter pipelines and/ 
or an earthen dike reservoir. The capital cost of the first of these cases is dis- 
cussed in this section as it is typical of an underground mine or a small combined 
mine and mill complex using less than 125 m3 of makeup water per hour. Capital 

cost for larger joint-use mine-mill systems can be calculated in section 6.1.8.14 
C1Ge9145)% 


If water quantity requirements are known and are less than 125 m3/h, consult the 
base curve directly. Water volume required for an underground mine is dependent on 
the principle type of drilling equipment used, the major water user in underground 
mines. 


Air-leg drills 
Water requirement!  Y(w aTR-LFG DRILL) = 0-049 (x ,)9>889 


Jumbo and DTH drills 
Water requirement! Y(w syMBo/DTH DRILL) = 0-025(x )9-749 


where: X; = metric tons ore mined per day 


Sn aatgeee 2 ey a 
Daily water quantity = m3/h x 16 operating h/d. 


Mill quantity requirements should be estimated from section 7.1.8.14.2. (IC 9143). 
Capital cost for an isolated mine (i.e., no adjacent mill) is derived directly from 
the base curve. For a joint-use system, combine mine and mill requirements and 
derive the total capital cost from the appropriate curve. 


BASE CURVE 


Total cost is based on a single cost curve having water requirements (X), in cubic 
meters per day. The curve is valid for water volumes between 40 and 2,000 m3/d, 
operating two shifts per day. The curve includes all costs associated with comple- 
tion of wells, purchase and installation of pumps, storage tanks, and surface 
distribution lines. 


The capital cost derived from the curve is a combination of the following costs: 


Construction, labor cost... .... 37% 
Construction supply cost...... 554 
Purchased equipment cost...... 8% 
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‘|The total water supply system capital cost is (Yq) bed 1,477.799 (x) 9-693 and is 
jidistributed as follows: 


(L) Construction Labor Cost (Yz) = 546.786(x)9-693 


(S) Construction Supply Cost (Yg) = 812.789(x)9-693 
(E) Purchased Equipment Cost (YR) = 118.224(x)09-693 


ADJUSTMENT FACTORS 


‘Mine Drainage Factor The user should be aware that mine and/or mill water require 
ments can be fully or at least partially met by mine drainage. Based on percen- 
tage of the system requirements supplied by mine drainage, construction supply 
cost should be reduced up to 29% and construction labor cost should be reduced 
up to 43% (i.e., if 40% of the system quantity is supplied by drainage, reduce 
supplies by 0.40 x 29% = 11.6% and labor by 0.40 x 43% = 17.2%). 





| Joint-Use Factor After deriving the joint-use water system capital cost from the 
appropriate curve using the combined mine and mill water quantity requirements, 
allocate mine capital cost versus mill capital cost based on the percentage of 
water quantity demand (i.e., if the mine requires 104 of the total quantity, 
capital cost is split 10% mine and 90% mill). 


Purchased Water Factor If water is currently being purchased from an existing 
municipal system, the costs for completion of the wells and installation of the 
pumps should be removed from the capital cost total. Multiply the costs obtain- 
ed from the curves by the following factors: 

Labor. factor {99CE,) = 0691 
Supply factor (Fo) = 0.94 


Purchased equipment factor (Fp) = 0.00 
This will completely eliminate the equipment portion of the curve. 
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‘4.2. UNDERGROUND MINING--CAPITAL COSTS 
14.2.7. INFRASTRUCTURE 


'4.2.7.1.-1. ACCESS ROADS 
CLEARING 


The total cost per kilometer is the sum of two separate cost curves (labor and 
-equipment operation) having a roadway width (X), in meters. The curves are valid 
for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
plied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with clearing for access 
roads. Supplies have not been considered in the clearing costs because it is 
assumed that cleared brush or timber would be buried under the excavation waste; 
thus, supplies of fuel oil for burning the clearing slash are not required. 


BASE CURVE 
The curves are based on estimated costs for clearing medium growth on terrain with a 
side slope of 254. Medium growth varies from heavy brush to one tree, 0.33 m in 


diameter, per 40 m2. 


(L) Labor Operating Cost 4) oe 1135.467(x)9-711 
The operating labor costs are distributed as follows: 


Direct Wa DOTcrelatete ete elolaieiels eres 86% 
Maintenance labore.cececceces 142 


The direct labor costs consist of the following typical range of personnel: 


Av salary 


per hour 

(base rate) 
DOZer Operators sccecssccers 122% $16.33 
Wheel-loader operator...... 12% 16.33 
Flatbed-truck driver....... 124 15.89 
General laborer..cccccccces 64% 13.86 


The average wage for labor is $14.63 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (YR) = 467.945(x)0- 711 


The equipment operating cost consists of 354 for repair parts, 53% for fuel and 
lubrication, and 12% for tires. 


The equipment operation curve consists of: 


DOSET MO LTAWLE Diane ajerotel eee sass. 0s 31% 
Cae) ONC Otis charclovsisaptots exaiste 47% 
LB LDU YUCK » ciasieserw wie eversteje 12% 
Pickup truck. ecsccccccccccs 9% 
HIM ANGAWGs os os ¥ 0 600 0.0. 0086 0.0 1% 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Doser raw Lene. pics celeters ee 6-5 52% 48% - 
WHEEL WLOdCGrchsvete.s 6 sto oslo e%e 364 437 214 
Flatbed truck sias 000 s.0 0 00 010 9% 804 112% 
PiCKUDSCEUCKs.c's's @\s'o's sicie e's ss 8% 90% 2% 
Coa TiGaWau is sere eis cisiste wits o cis 39% 614% ~ 


ADJUSTMENT FACTORS 


Brush Factor For light clearing conditions where the growth consists mainly of 
brush and small trees, multiply the curves by the following factor: 


Brushefactor PACK Rey TcHT) -) 0-2) 
For heavy clearing conditions, defined as when clearing a dense growth of trees 
(diameter of the trees commonly exceeding 0.33 m), multiply the curves by the 
following factor: 


Brush factor (Fg prnsp) = 1-75 


Side Slope Factor For clearing on terrain with side slopes other than 20% to 304 
multiply the curves by the following factors: 


For clearing on terrain with side slopes of 04 to 202, 

Side slope factor (Fo qz-o97) = 0:8 
For clearing on terrain with side slopes of 30% to 502, 

Side slope factor™ (Fs 397-592) = 1.8 
For clearing on terrain with side slopes of 50% to 1004, 

Side slope factor (Fg 597-199%) = 2+5 

Burning Equation If fuel oil (for burning slash) or other supplies, such as cables 

and chokers, are used, add the following supply cost equation to the total cost 
per kilometer. The total cost per kilometer for supplies is for a roadway of 
width (X), in meters, varying in width from 3 to 30 m. 


(S) Supply Operating Cost (Yg pByRnqnG) = 269-796[0-100(x)]—0- 0303 


This cost is multiplied by the total kilometers, valid for values between 3.33 
to 3,333.33 km, to vobtain the capital cost. 


For clearing operations from 1 to 500 ha (roadway width in meters multiplied by 
roadway length in meters multiplied by 0.0001), the supplies consist of 78% for 
fuel oil and 22% for tools, cables, and chokers. For clearing operations of 500 
to 1,000 ha, supplies consist of 83% for fuel oil (for burning wood and scrub) 
and 174 for tools, cables, and chokers. 
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|| Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
: tor perform the work, multiply the equipment operation value by the following 
applicable factor in order to obtain the total value of equipment expense for 
ownership and operation: 


Shifts per dayecccccccccene ul 2 3 
HACTO LR etelctecicvels stcreteteterelercne cre. 6 1.91 1.68 1.61 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curve by the following 
factors: 

Labor factor CE er 165 
Supply factor (Fo)a=—152 


Equipment operation factor (Fg) = 1.2 
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‘4.2. UNDERGROUND MINING--CAPITAL COSTS 


14.2.7. INFRASTRUCTURE 


14.2.7-1.2- ACCESS ROADS 
DRILL AND BLAST 


‘The total cost per kilometer is the sum of three separate cost curves (labor, supp- 
lies, and equipment operation) for a roadway width (X), in meters. The curves are 
‘valid for widths between 3 and 30 m, operating one shift per day. This cost is mul- 


|'tiplied by the total kilometers to obtain the capital cost. Each curve includes all 


of the daily operating and maintenance costs associated with drilling and blasting 
for access roads. 


BASE CURVE 


‘The curves are based on estimated costs for drilling and blasting a cut with a 


‘single ditch. The terrain has a side slope of 25%, and the cut contains 504 rock. 


(L) Labor Operating Cost (Yz) = 9,633.822(x)0+496 
The operating labor costs are distributed as follows: 


Darecl aA DOLs.» sace sles ete 6 6 7e6 79% 
Maintenance, Labore.<<6s<0 21% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 


per hour 

(base rate) 
RECS UTACKMUT ILO Tsetse seis sie. s 33% $16.78 
Compressor OperatoOre.eceoees 17% lly fa 
PUCK ELCNUET ss cisiels e's 010 «0.6.00 27% 13.86 
ES MLLO TNA ots os 6:56 6's eere ¥eieie 06 8% 16.33 
Powderman helpere.ceccecccce 7% 14.56 
Flatbed-truck driver....... 8% 15.89 


The average wage for labor is $15.68 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 7,247.524(x)0-644 
The supply cost consists of 79% blasting supplies and 21% drilling supplies. 
Drilling supplies consist of percussion drill bits, rods, striking bars, and 
couplings; blasting supplies consist of dynamite, ANFO, electric blasting caps, 
and connecting wire. 


(E) Equipment Operating Cost (YR) = 4,109.384(x)9+496 


The equipment operation curve consists of 51% for repair parts, 484 for fuel and 
lubrication, and 1% for tires. 


The equipment operation curve consists of: 
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Air-track drills eecoevoenvnveeee 33% 


Portable compreSsorS..eeeee 55% 
Flatbed truck. @eeeseeeoeoev eee ee @ @ 904 
Pickup truck. @eeeeeoeoeeeeee 6 @ 5h 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Air-track drills....ccccoes 93% 7% - 
Portable compreSSOrs...eeee 34% 654 1% 
Flatbed truck. «% <0 «625 se e's 9% 804% 11% 
Pickup truck. ..ccecccscvceccs 8% 904 2% 


ADJUSTMENT FACTORS 


Rock Factor For drilling and blasting cuts that contain other than 50% rock, multi- 
ply the curves by the following factors: 


For drilling and blasting cuts containing 25% rock, 
Rock factor (Fp 95%) = 0.6 
For drilling and blasting cuts containing 1004 rock, 
Rock factor (Fr 100%) = 1-4 
Side Slope Factor For terrain with side slopes of 0% to 20% that require drilling 
and blasting for two ditches and for providing material for a minimum fill, the 


base curve costs should be used without any adjustments. 


For clearing on terrain with side slopes of 20% to 504, multiply the costs 
obtained from the curves by the following factors: 


Side slope factor (Fg 99%-59%) = 1-5 


On terrain with side slopes in the range of 504 to 100%, multiply the costs 
obtained from the curves by the following factors: 


Side slope factor (Fg 59%-100%) = 3-0 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 
tor perform the work, multiply the equipment operation value by the following 
applicable factor in order to obtain the total value of equipment expense for 
ownership and operation: 


Shifts per AY ccs ccceese cies 1 2 3 
PACE O Tetcteletelclsteleloterelersielcieraictete Qe? 1.84 bags 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs by the following factors: 


433 
Raborbiactor eo 4k) =. 5 
Supply factor (Fs) = 1.2 


Equipment operation factor (Fp) = 1.2 
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(4.2. UNDERGROUND MINING--CAPITAL COSTS 
14.2.7. INFRASTRUCTURE 


ACCESS ROADS 
EXCAVATION 





42.7213. 
| 
| 
| 
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pibe total cost per kilometer is the sum of two separate cost curves (labor and 
s}equipment operation) having a roadway width (X), in meters. The curves are valid 
‘for widths between 3 and 30 m, operating one shift per day. This cost is multi- 
)plied by the total kilometers to obtain the capital cost. Each curve includes all 
‘of the daily operating and maintenance costs associated with excavation for access 
roads. 


BASE CURVES 


‘The curves are based on a dozer excavation operation that is working on terrain with 
‘a side slope of 254, side-casting from cuts or ditches to a 30-cm fill or to waste. 
‘The material to be excavated is either blasted rock or a common conglomerate that 
|presents some difficulty in cutting and drifting. 


||(L) Labor Operating Cost (Yjz) = 29.843(x)1-870 
The operating labor costs are distributed as follows: 


Direct La DOT Ste"srere ele tere ete eres 604% 
MaTTE GN ANCE LLADO Leteie.0i0.0.0cece.0 402% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Dozer Operator. eececccceese 604 1.6.33 
Grader operator. cescccccece 20% 16.33 
Water-truck driver...seccoee 204 15.89 


The average wage for labor is $16.24 per worker-hour (including burden and 
average shift differential). 


(E) Equipment Operating Cost (Yp) = 27.128(x)1-870 


The equipment operation curve consists of 46% for repair parts, 504 for fuel and 
lubrication, and 4% for tires. 


The equipment operation curve consists of 











| Dozen crawlers st. sale cicia's s'sie ¢ 47% 
Dozer-ripper crawler..ec.eee 25% 
MGS OCTANE Ts « s.516 e'siss se co 6 154 
| MArOr CrUCKi «ccs secscceinc os 9% 
PPOKUD CrUCKss-scccncnecsese 4% 
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The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
DOZETLCTAWIEUS ss csleicie wisve's ois 51% 49% - 
Dozer ripper crawler...ece. 53% 47% ~ 
MOC Or Srad Grete ¢ s-6's 56166 7el 45% 41% 142 
WATE LOUCTUCK sae ss o70 cictisiele nies 29% 55% 164 
PUGKAID PETUCICs viele ose oll eie lo ttels 8% 90% 2% 


ADJUSTMENT FACTORS 


Side Slope Factor On terrain with a side slope other than 20% to 30%, excavation 
costs can be determined by multiplying the costs obtained from the curves by the 
following factors: 


For clearing on terrain with side slopes of 0% to 202, 
Side slope factor (Fg 9-29z%) = trea aS 
where S = side slope [defined as 1+(percent slope/100)], 
and W = roadway width, in meters. 

For clearing on terrain with side slopes of 304 to 1004, 
Side slope factor (Fs 39-100%) = 0.8(S) ]3+958(W)0+ 087 
where S = side slope [defined as tf slope/100)], 


and W = roadway width, in meters. 


Material Factor For excavation of materials that are easy to cut and drift, multi- 
ply the costs obtained from the curves by the following factors: 


Material factor (Fy pasy) = 0-75 


For excavation of extremely wet and sticky material, multiply the curves by the 
following factors: 


Material factor (Fy DIFFICULT? = 133 
Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac-— 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 


equipment expense for ownership and operation: 


Shifts per dA Visislovs e's o1eiel estate 1 2 3 
PAGE Oe co aeleleisistele ce suelere eietsle 1.94 {NS Fa 1.63 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 


Labor factor CFr a= 2) 


Equipment operation factor CE i= lez 


COST, dollars per kilometer length 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.7. INFRASTRUCTURE 


4.2-7.1.4. ACCESS ROADS 
GRAVEL SURFACING 


The total cost per kilometer is the sum of three separate cost curves (labor, supp- 
lies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is mul- 
tiplied by the total kilometers to obtain the capital cost. Each curve includes all 
of the daily operating and maintenance costs associated with gravel surfacing of 
access roads. 


BASE CURVE 
The curves are based on costs for preparing a road subbase, spreading surfacing 
material on the roadway, and compacting the surfacing material to a depth of 0.20 mn. 


The surfacing material is delivered to the jobsite in suppliers" trucks. 


(L) Labor Operating Cost (Yi s 293.304(x)0- 667 
The operating labor costs are distributed as follows: 


Direct LADO SHS cvelerstoteleorsvelelcte 83% 
Maintenance labor...ccccecs 17% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
Grader OperatOreceececccecs 21% 16.33 
Rol lergope ra tO rsiecic.csw.0.0 «0 sie 21% 16.33 
Dumpman. coccccccccccccccccs 18% 13.86 
Grade Checker. cscicce ss slcle's's 20% 15.89 
Water-truck driver.....ecoe 204% 15.89 


The average wage for labor is $15.66 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yo) = 6,880.012(x)1-006 
The supply cost consists of 100% road surfacing gravel (minus 1.9 cm). The 
gravel, delivered and dumped on the roadbed by suppliers' trucks, costs $13.76 
per metric ton. 


(E) Equipment Operating Cost (YR) = 135.032 (X)0+ 667 


The equipment operation curve consists of 37% for repair parts, 51% for fuel and 
lubrication, and 12% for tires. 





SS Se 
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The equipment operation curve consists of 


MOtCOr BradGPe sees ceccccce's 42% 
Rubber-tired, self- 

propelled roller.....cceoee 19% 
Hacer CruCKs i sss «estes 5 00 26% 
Pickup truck. ccccccccccccce 134 


The equipment operating cost distribution is 





Repair parts Fuel and lube Tires 

Bmroer craderes es cles Steeles cle's's 45% 41% 14% 
Rubber-tired, self-propelled 

MIPEIII'CT stale feels ais 016 € ciecs'e es elale’s «6.4 49% 40% 11% 

ee CTU K's « fa a aterers Wie wp teterstenerns 29% 55% 164 

BeCkUD CLUCK ss ccuse so cee estes ce ss 8% 90% 2% 


ADJUSTMENT FACTORS 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac- 


tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per DAY. awe dwis in ss aee es 6 1 2 S| 
PemtAsO aie lel’ sale eles .e 6-66 01s e 0.6.4 06 0 0 2-05 179 ia OF 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 


tor's markup, multiply the costs obtained from the curves by the following 
factors: 


Labor factor CE tle) 
Supply ‘factor (Fs) = 1.2 


Equipment operation factor 9 eda Re 


1,000,000 
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10,000 


1,000 
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Wg.2. UNDERGROUND MINING--CAPITAL COSTS 
1 


|4.2.7. INFRASTRUCTURE 
lWmie2.7.1.5. ACCESS ROADS 
PAVING 


'The total cost per kilometer is the sum of three separate cost curves (labor, supp- 
lies, and equipment operation) for a roadway width (X), in meters. The curves are 
valid for widths between 3 and 30 m, operating one shift per day. This cost is mul- 
'tiplied by the total kilometers to obtain the capital cost. Each curve includes all 
| of the daily operating and maintenance costs associated with paving of access roads. 














BASE CURVE 


' The curves are based on a paving operation for laying and compacting hot-mix asphalt 
concrete (purchased locally from a hot-mix plant) to a depth of 5.1 cm. Costs to 
produce an appropriate paving road base are covered in section 4.2.7.1.4., Gravel 
Surfacing. 


(L) Labor Operating Cost CYTO R= 117.710(x)1-005 
The operating labor costs are distributed as follows: 


Direct Labora. tis cheiau.ks 80% 
Maintenance? Labores. sss ss6 20% 


The direct labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
PATA reODeETALOTS.s «4% sive a ele less. 13% 16.33 
Rot@ersoperator. vs .asvsw aes 26% 16.33 
PemendlelaADOTE Ts ccs oes see's 22% 13.86 
Rear-dump truck driver..... 39% 15.89 


The average wage for labor is $15.55 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost CY a) == 2,661.382(x)1-005 
The supply cost consists of 100% asphalt concrete (minus 1.9-cm hot mix). The 
asphalt concrete, supplied by a local hot-mix plant, costs $26.37 per metric 
ton. 


(E) Equipment Operating Cost (Yp) = 68.436 (x)1-005 


The equipment operation curve consists of 324 for repair parts, 58% for fuel and 
lubrication, and 104 for tires. 
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The equipment operation curve consists of 


Asphalt PAVETeececececrecveccce 20% 
Rubber-tired, self-propelled 


TOLLG Kstees se ieceleleieveteleteldes ocers 5% 
Steel-wheeled, tandem roller 54 
Rear-—dump truckS..ccccccoce 64% 
Pickup trucke eccccccccccece 64 


The equipment operating cost distribution is 


Repair parts Fuel and lube Tires 
Aspha l Gaipave riw cs cls cle ote oleieieteicts 684 32% - 
Rubber-tired, self-propelled 
TOLVET Stote cere o ehetele ote. cteke euctekeleistecs 43% 51% 6% 
Steel-wheeled, tandem roller 504 50% - 
Rear=dump  trucksS ss... sees cceos 22% 634 154% 
Pickup itruck.s «sce sinless oo es « 8% 904% 2% 


ADJUSTMENT FACTORS 


Supply Factor The supplies cost should be adjusted for changes in the base asphalt- 
concrete price. 


Equipment Factor Where it is necessary to purchase equipment, or have a subcontrac— 
tor perform the work, multiply the equipment operation cost obtained from the 
curve by the following applicable factor in order to obtain the total value of 
equipment expense for ownership and operation: 


Shifts per MAY wis bre ateeie eteicteiers este 1 2 3 
FACUO Te sic s cclcccjelelclocotelcteneroteletore ccs (6 1.44 1433 1.29 


Subcontractor Factor If a subcontractor is used, to compensate for the subcontrac- 
tor's markup, multiply the costs obtained from the curves by the following 
factors: 

Labor factor CE =a) 
Supply factor (Fe) "=a 2 


Equipment operation factor (Fp) = 1.2 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.7. INFRASTRUCTURE 


A026 leds) aMALN POWERY LINES 


If power is to be obtained from a local power company, it is generally necessary to 
construct new facilities to connect the mine site to the existing power line net- 
work. This cost is usually borne by the mine company that desires to receive the 
service. For shorter distances and lower maximum power loads this may simply entail 
extending existing, medium voltage (13-24 kV) distribution lines. To satisfy great- 
er loads over longer distances, however, it is necessary to construct higher voltage 
(115 kV) transmission lines as well as substations dedicated to serve the mine sole- 
ly. The following tabulation will aid the evaluator in determining the appropriate- 
ness of the various options to his/her particular case. 


Main power lines 






Maximum distribution line length, km 
24 kV 13 kV 









Substation costs 
0 

95,000 
289,000 
630,000 
630,000 


Iuv-A(million volt amperes) = 1000kW; KV°A(thousand volt amperes) = kW 
Both MV°A and KV°A are commonly used in the power generation industry to 
designate power demand. 

2at greater than 20 MV°A it is advisable to have the main substation at the 
mine site, thus only transmission lines are considered. 


Load 
Range(MV°A)! 
















GENER COS ES: 
Transmission lines $59,000/kilometer 
Distribution lines $42 ,000/kilometer 


It 1s important to understand that there is an inverse relationship between MV°A 
and maximum distribution line distances. Thus, in case 2, at 24 kV°A, the first 
or lowest load figure (4 MV°A) corresponds to the maximum distance figure (52 km) 
and the highest load to the lowest distance figure. 


It is also important to be aware of a few underlying assumptions regarding the five 
separate cases. Case 1 shows the power requirement range in which it is likely that 
existing distribution lines could supply the needed power. Thus there is no substa- 
tion expense. The second and third cases assume that minor and major modifications 
of an existing substation will be required, respectively. They also assume that new 
line needed will originate from that modified substation. For cases 4 and 5 the 
large power requirements necessitate the construction of a completely new, dedicated 
substation. This facility will thus have to be fed by extending an existing high- 
voltage transmission line. In the instance of case 4, the site of the substation is 
as near the existing transmission line network as practicable; for case 5 the sub- 


station is assumed to be at the mine site. 
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' The costs contained in this section assume that the power company that will be sup- 
| plying the power will design and construct the line. Principal costs categories in- 
|} cluded are right-of-way purchase and clearing, access road construction, line and 

‘| substation construction, permitting, and preconstruction design. 





| the procedure for determining the system cost and requirements are as follows: 
1. Estimate the maximum power demand that the mine will require. If not avail- 
| able, an estimate of this value may be made by the techniques contained in the 
appropriate mine and beneficiation electrical system sections contained in this 
report. It is recommended that, for estimating purposes, horsepower and kW (or 
' Kv°A) be considered to be equivalent. Motor efficiencies as well as other system 
power losses generally account for much of the difference between the two units. 
2. Contact the probable power supplier to determine the "nearest useable 
source," or likeliest point from which power may be obtained. Depending upon pre- 
sent loading within the system this may or may not be the nearest transmission or 
' distribution line. 
3. Calculate the actual maximum distribution line length on the basis of the 
projected load using the following equations: 


ee 





24 kV load--Maximum distribution line distance, in km = 210/(P) 


77/(P) 


13 kV load--—Maximum distribution line distance, in km 
where P = power requirements, in MV°A. 


4. Determine distribution line costs by multiplying the lesser of either the 
total length of line required or the maximum length of distribution line as calcu- 
lated in step 3, by line cost per kilometer ($42,000). 

5. Estimate the transmission line cost by multiplying the remaining length of 
line needed by transmission line cost per kilometer ($59,000). Note that for 
greater than 20 MV°A it is recommended that transmission lines be installed for 
the entire distance. 

6. Based on MV°A, determine a substation cost from the previous tabulation and 
add this to the line costs already determined. The combination of line and substa- 
tion costs is the total main power line cost. 


BASE CURVE 


System costs have been graphed for three different line distances over the load 
range (X) of 2 to 40 MV°A. These curves are included to aid the manual user that 
is interested in a very preliminary cost and desires to avoid the procedure out- 
lined above for a more detailed cost determination. 





Freight charges from the east coast manufacturing plant to Denver, CO, for the 
major purchased equipment has been determined to be: 


Transformer, Miles dele ciel efalele.o elete overs ele eioteteletsrels 6 $7,500 
Oi] breaker, 3 at D3 mt GaCliisrete tere teteleierels elelsvel ere $9,600 


All other equipment and materials are considered to be locally available in Denver, 
co. 


The total capital cost is based on single curves having power loads (X), in 
megavalt anperes. The curves are valid for power loads of 2 to 40 MV°A. 


446 





The capital cost derived from the curve is a combination of the following costs: 
Small Large 
(2 to (20 to 
20 MV°A) 40 MV°A) 
Construction labor cost...... 504 47h 
Construction supply cost..... 504 37% 
Purchased equipment cost..... - 164 
The total 10 km main powerline capital cost is 
(Yc 10 KM LINE) = 207, 826.608(X)9°563 and is distributed as follows: 
(L) Construction Labor cost (Yq, 19 KM-SMALL) = 103, 913-304 (x)9+ 563 
(S) Construction Supply cost (Ys 19 KM-SMALI) = 103,913-304(x) 0-563 
(L) Construction Labor cost (Yy, 19 KM-LARGE) = 97,678.506(X)9-563 
(S) Construction Supply cost (Ys 19 KM-LARGE) = 76,895-844(x)9-563 
(E) Purchased Equipment cost (YR 10 KM-LARGE) = 33»252+257(X)9-563 
The total 25km main powerline Behe cost is 
(Ye 25 KM LINE) = 644,990.250(X) -370 and is distributed as follows: 
(L) Construction Labor cost (Yy, 95 xM-SMALL) = 322,495-125(x)0-370 
(S) Construction Supply cost (Yg 95 xM—SMALL) = 322,495.125(x)09+370 
(L) Construction Labor cost (Yy], 95 KM-LARGE) = 303,145.418(x)9-370 
(S) Construction Supply cost (Yg 95 xM-LARGE) = 238,646.392(x)9+370 
(E) Purchased Equipment cost (YR 75 KM-LARGE) = 103,198.440(x)9+370 
The total 50km main 50 RES capital cost is (Yo 59 xm LINE) = 
1,526, 363.387(X)9°278 and is distributed as follows: 


(L) Construction Labor cost (Yj, 59 xM—-SMALI) = 763,181.694(x)9-278 
(S) Construction Supply cost (Yg 59 KM—SMALI) = 763,181.694(x) 09-278 


(L) Construction Labor cost (Yj, 59 KM-LARGE) = 717»390.792(x)9+278 


(S) Construction Supply cost (Ys 59 KM-LARGE) = 564,754-453(X) +278 
(E) Purchased Equipment cost (YR 59 KM-LARGE) = 244,218.142(x)0+278 





10,000 


COST, thousands of dollars 
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50 km line 
1,526,363. 387(X) 
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4.2.7.3. TOWNSITE 


The following housing costs are for a typical average quality park based on using 
trailers or manufactured 'mobile home' housing containing between 150 and 200 units. 
Costs are quoted per individual housing unit. Costs are factored by using the Bu- 
reau of Labor Statistics Industrial Materials Cost Index. Site costs do not include 
land site acquisition, construction of utility trunk lines to the site, or a waste- 
water treatment plant. Wastewater disposal uses a septic tank and drain field; how- 
ever, transportation and setup costs to areas within 100 miles of Denver, CO, are 
included. 


Typical average site costs for family or bachelor unit 


Bachelor 
Site preparation¥typical avengarealel0Nsqia) a ocd. een ee $1,050} $ #326 


Streets (7.9- to 9.8-m wide, 7.6-cm asphalt or 7.5-cm gravel 





edged ox. curbéd)’. Gils Woreteretste totes 0% oe Ghahels ¢ Siehenaie ee Seamer aies aieee Schade 270 
Patios. atid walks eictiis «siete co's getuee «ots eves e ctsikte atace stare Weetetelarelits's nee ate 200 
Septic: tank’ WineludesadrainGtie ld ici. cen eraae esters tates er etteaar arts 70 
Water; connected tio “Unites. 4c wte.. « « Siscle © eetetoeislapele oe 2 aetna sire sieieie.s 550 
Gas), low, pressure ICONNeECLEd s a..c.c a teletetere « efeta lela « atiinLcteatetslelet stele siete asic 310 
Electrical, 80- to 150-A connected service to each unit......... 890 
Office, recreation, Laundry Cec. +o ticle  risluchetautieicls ts atereterenaices slere 1,250 

TOCA Lee een aaa Caehe S Sw otha owt ear elle a Urarehe alate Shela evelereugienanareediatelovaey 4,540 


The following adjustment factors should be applied to the total typical average site 
cost where either quality or quantity differs. 


Site preparation adjustment multipliers to total typical average site cost are 
as follows: 


Quality Quality 

description factor Quantity Factor 

Low (300 m2/space)........ 0.70 40- 80 TOs 
80-12 1.00 

10-250 ooi2 

Average (410 m2@/space).... 1.00 50-125 Lalo 
150-200 1.00 

250-300 Sb: 

Good (520 m2/space)....... 1.30 50-150 VEtO 
175-200 1.00 


2202500 sod. 





449 


|In addition, the following accessories may also be required: 


Petr tnenat) DASUPOL LIALTLET ciectestccuscceeb es © $620.00 
Bema tin Pants OCOUG ss agivieis cls ssc 6.80.06 666 oes esses 360.00 
POO pLen OVeEr LANGINSS s wcckce ss ccwccvccsce ss e's 550.00 
Air conditioning--using existing heater....... 840.00 





HOUSING UNITS 


Family Units--With living, dining, kitchen, bath, and sleeping facilities for two 
adults and two to four children. Cost is for typical average quality. 


Single-wide (L527 by 19.50 m) Teo ioe $15,400 
Double=wideo (7 Sal iby i142 630m) Ree Se a Sie ON 26,400 


Quality adjustments to the single and double-wide basic costs are made by multi- 
plying the above housing unit average quality costs by the following factors: 


Low quality: 
Single wide...... PEL2 
Double-wide...... 1.16 
Average quality: 
Sing lLewwide.*. .%. 0.90 
Double-wide...... 0.87 
Excellent quality: 
Single wide...... 1.25 
Double-wide...... 1.34 


Quantity adjustments-—-For quantities greater than 10 units, decrease overall 
costs by 10 percent. 


Snowload adjustment--For areas of heavy snowfall, increase basic unit costs 5 
percent for increased roof support design. 


Bachelor Units-—-Consisting of single-person motel-style rooms with a kitchen and 
dining room. Rooms share a centrally located restroom and shower facility. 
Cost is for typical average quality. 


Bachelor LIT datretetetsVeletovetetclete te leteresteleie cl eteretstetelareie otsl $15,000 


Number of persons adjustment-—-Per person cost is based on housing 400 personnel. 
Lodging capital costs for greater than 500 people, decrease costs by 10 percent. 
Increase costs by 15 percent for less than 300 and 20 percent for less than 200. 


PRIMARY UTILITIES 


Electrical, cost per linear meter: 
Main overhead electric powerlines.....ceoees $26.32 
Lateral overhead LineS...cccccccccccccccceece $8.25 


Water, cost per linear meter: 
Main, 15.24 cm plastic (add or deduct $5.75 
DEG ss 54 CU GSaM lis wins eas 1s 00 awk wile alate ecatnts $35.80 
TAL ea SS MOM Crit atc cis s o'0:e 0:2, 0-¢ wnee te tates Si7v22 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.7. INFRASTRUCTURE 


4.2.7.4.1. WASTE WATER TREATMENT 
CLARIFICATION 


Clarification capital cost is for the acquisition and installation of equipment for 
water clarification and softening by precipitation and/or coagulation. The all 
metal solids-contact clarifier combines into one operation--quick mixing, floccula- 
tion, clarification, and sludge thickening. The unit will selectively or simultan- 
eously remove turbidity, color, organic matter, manganese, iron, hardness, alkali- 
nity, taste, and odor. The cost curve is based on clarifiers ranging in diameter 
from 2.74 to 45.72 m (cross-sectional area ranging from 5.9 to 1,642 m“). 


BASE CURVES 


Total cost is based on a single cost curve having a tank diameter of (X) in meters. 
The curve includes all costs associated with acquisition and installation of con- 
crete pad, clarifier structure, and control-monitor equipment for sludge level and 
sludge density control. 


The total clarification capital cost derived from the curve is a combination of the 
following costs: 


Construction labor cost......e.« 19% 
Construction material cost.... 54 
Purchased equipment cost...... 76% 


The total clarification capital cost is (Yc) = 15,631-070(x)9-991 and is distri- 
buted as follows: 


(L) Construction Labor Cost CYioa= 2,969. 910(x)9- 991 


(S) Construction Supply Cost (Yg) = 781.550(x)9-991 
(E) Purchased Equipment Cost (Ypg) = 11,879.610(x)9-991 


NOTE: - Sizing of clarifier is based on one principal parameter-- rise rate--the ver- 
tical velocity of the stream through the clarifier. If the diameter or 
cross-sectional area of the clarifier is unknown, and the feed flow rate is 
known and the rise rate is assumed to be 0.015 m/min, then the diameter (D), 
or equivalent cross-sectional area, of the clarifier can be estimated with 
the equation: 


Clarifier diameter (D) = 1.128[ (Q)/(R) ] 9-500 
where R = rise rate, in meters per minute, 
and Q design flow rate, in cubic meters per minute. 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 
4.2.7. INFRASTRUCTURE 


4.2.7.4.2. WASTEWATER TREATMENT 
NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d "“Treatability 

Manual, Vol. IV, Cost Estimating,” April 1983, was the source of cost development. 

One is referred to this manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in this EPA manual. 


The capital cost curves cover neutralization of waste water effluent (out-of-pipe) 
when required. The basic design variable is waste water flow. Applicability of the 
curves are for effluent to be neutralized that ranges in volume from 0.001 to 876 
1/s (22.8 to 20 million gal/d). It is assumed that flow equalization is provided by 
a tailings pond. The costs apply to the neutralization of either acidic or basic 
waste water streams originating from mine, mill, or combined mine and mill after it 
flows out-of-pipe from the central impoundment pond. In most mining operations fur- 
ther waste water treatment costs are not required. The system consists of chemical 
addition and two-stage neutralization tanks. It is assumed that pH and suspended- 
dissolved solid content of influent to the system will be unknown at this level of 
costing. Basis of design uses a standard dosage of 100 mg/l lime and 100 mg/l acid 
to achieve a pH of 7.0 over a pH range of 6.5 to 8.0. 


BASE CURVES 


Total costs are described by two sets of cost curves based on daily average waste 
water flow rate (X) in L/s. The curves include all costs associated with the con- 
struction of the treatment facility including mixing tank, attenuation tank, chemi-. 
cal storage, agitators, piping, electrical, and instrumentation. These costs are 
distributed as follows: 


Construction labor cost...... 22% 
Construction supply cost..... 13% 
Purchased equipment cost..... 65% 


For waste water effluent rates between 0.001 to 8.76 L/s, the capital cost is 
Oe Wiese time - 123,144.490(x)9-0994 and is distributed as follows: 


(L) Construction Labor Cost (Yq, 9.001-8.76 L/s) = 27,091.780(x)9-994 
(S) Construction Supply Cost (Yg 9,991-8.76 L/s) = 16,008. 780(x)9-094 


(E) Purchased Equipment Cost (YR 0.001-8.76 L/s) = 80,043-930(x)9-094 


For waste water effluent rates between 8.76 to 876 L/s, the capital cost is 
(Yc 8-76-876 L/s) = 26,346.39(x)9-562 and is distributed as follows: 


(L) Construction Labor Cost (Yy, 8.76-876 L/s) = 5,796.21(Xx)9* 62 


3,425.03(x) 0-562 


(S) Construction Supply Cost (Yo 8.76-876 L/s) 


(E) Purchased Equipment Cost (Yp 8.76-876 L/s) = 17,125.15(x)9+562 
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4.2. UNDERGROUND MINING--CAPITAL COSTS 


|4.2.8. ENGINEERING AND CONSTRUCTION MANAGEMENT FEES 








| Fees vary according to access, location, topography, shape of ore body, type of 

| mineral extracted, and type of entry to the mine. The curves are based on percent- 
‘age of net constructed cost. The approximate correlations between design engineer- 
jing and construction costs are illustrated in these curves. The curves for design 
engineering, construction management, and total engineering and construction manage- 
‘ment are based on data supplied through interviews in 1983 and 1984 with several 
‘major mining engineering and construction firms. 


The net construction cost is the sum of the group cost for sections 4.2.1. (Prepro- 
duction Development), 4.2.3. (Mining Equipment), 4.2.4. (Trans- portation), 4.2.5. 
(Mine Plant General Operations), 4.2.7. (Infrastructure). 


BASE CURVES 


Generally, each fee varies from 4% to 6% of the net construction cost. Actual cost 
determinations can be made using the following formulas, where (X) is the total net 
construction cost: 


'The equations for each of the individual curves are as follows: 
The construction management fee cost is (Yc) = 0.688(x)0+848 
_The design and engineering fee cost is (Yp) = 0.489 (x)9-870 


The total design, engineering, and construction management fee cost is 
(Yp) = 0.729 (x)0- 884 


The total engineering and construction fee curve is based on a single firm perforn- 
ing both tasks. The other two curves are based on different firms performing each 
task. 


Fees will vary by approximately 15% depending on the economic climate and level of 
activity within the mining industry when engineering and construction services are 
required. 
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'4.2. UNDERGROUND MINING--CAPITAL COSTS 


4.2.9. WORKING CAPITAL 








Working capital is the cash required to sustain a mining and/or milling operation 
between mining the ore and receiving revenue from its sale. It is the capital re- 
quired to meet out of pocket expenses, such as payroll, equipment operation, utili- 
ties, and administrative operating costs. In aggregate, these are the total operat- 
ing costs for the operation during the designated time period. Because this time 
lag persists; that is, monies received in payment for September's production are 
reinvested in material and supplies to produce ore in November or December, a con- 
tinuing account must be maintained as long as the operation is active. 


A reasonable estimate of this lag period is dependent upon the type of operation 
under study. For operations that must send concentrates to a smelter, working capi- 
tal is estimated as 10 weeks of operating, administrative and transportation costs. 
This estimate includes 2 weeks for transportation by rail to the smelter as well as 
2 months for the smelter to make payment. By far the majority of precious and non- 
ferrous metal producers can be thus classified. 


Less working capital, 6 weeks of operating and administrative costs, is required for 
mines that market their product directly or that have vertically integrated pro- 
cessing facilities (i.e., same company owns smelter and/or refinery or company sells 
the end product). 


Adjustments should be considered if the transportation time to the smelter or 
smelter settlement time varies from assumed values. Adjustments should also be made 
to mine working capital if large mined ore stockpiles are maintained between the 
mining and milling stages, as this also advances the final settlement date. 


For mines with mills that do not ship concentrates on a regular schedule because of 
remoteness and/or do not operate year-round, working capital should be increased 
appropriately. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2.1.2. CORE DRILLING 


Core drilling requirements vary considerably from mine to mine. For steeply dipping 
veins that require continuing development, as mining progresses downward, the amount 
drilled is relatively high; for near surface, flat-lying ore bodies for which grade 
and ore extent are easily determined drilling requirements will be minimal following 
initial exploration and development. For small to medium sized vein mines, 500 to 
2,000 mtpd, typical drilling requirements range from 1,000 to 5,000 m/yr; for large 
bulk operations, 5,000 to 50,000 mtpd, such as block caving mines, 5,000 m/yr and 
greater are more typical. The evaluator should determine the approximate value 
appplicable in the instance under study. 


Surface rotary or diamond drills may also used for assay control and ore body defi- 
nition. This is especially true if the ore body is relatively flat lying and near 
surface. If the evaluator feels that this is characteristic of the case under 
study, the appropriate surface mining section should be consulted for pertinent 
costs. 


BASE CURVES 


The total cost per day is the sum of three separate cost curves (labor, supplies, 
and equipment operation) based on a drilling rate (X), in meters per day, times the 
cost per meter. Costs are based on an operating schedule of one shift per day. 


The core drilling costs in this section are predicated upon utilizing a diamond 
drill capable of penetrating to 300 meters, an AWG bit (hole size is 4.80 cm or 1.89 
in), and an average penetration rate of 12.2 m per shift. All costs are per meter 
drilled and considers move time and downtime. Total costs for an in-house drilling 
program can be estimated as $44.75 per meter. 


(L) Labor Cost (Yy7,) = ($21.38/m) (Xx) 
The operating labor costs are distributed as follows: 


Direct 133 DO Weta vete to sievotatere nictsvens 97% 
Maintenance) labor. © < sles « stes's 3% 


The operating labor costs are based on straight days pay, drilling bonuses have 
been ignored, and consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
DEdider scissors cisls oteletatststenetotate 504 $18.11 
Drillers helper.....scscocece 504% 13.66 


Average wage for labor is $15.89 per worker-hour (including burden and average 
shift differential). 
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'(S) Supply Cost (Yg) = ($20.67/m) (XxX) 
The supply cost consists of 70% drill bits, drill rods, and core barrel assembly 
| parts, 7% electrical power, and 234 miscellaneous items. 


| (E) Equipment cost (¥g) = ($2-70/m) (x) 


The equipment operating cost consists of 48% for parts, 134 for lubrication, and 
39% for miscellaneous costs for drill and pump equipment. 


ADJUSTMENT FACTORS 


Cutout Costs In many instances it is necessary to blast cutouts for a drilling 
station to ensure that the drilling crew does not impede traffic along the 
drifts. This is typically accomplished by a minimum of two rounds in either 
rib. This additional charge should be taken into consideration when determining 
the total cost of the drilling program. For appropriate costs refer to the 
drifting section that would apply. 


Contractor Factor It has become standard within the industry for the drilling to be 
done by contractor. To adjust for this eventuality, the evaluator should in- 
crease the labor cost by 384. Equipment operation and supply costs will not be 
affected directly, however; all three categories (equipment operation, supplies, 
and adjusted labor) should be increased by an additional 35% for indirect field, 
local, and national overhead, and contractor profit charges. Multiply the costs 
obtained from the curves by the following factors: 





Labonutactor, (°( Fy) = 1.86 
Supply factor. »(Fs))*)1.35 


Equipment operation factor (Fp) = 1.35 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5-2-1.3. SINKING SHAFTS 


The total cost per meter is the sum of three separate cost curves (labor, supplies, 
and equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 4 and 40 m2, with average advances of 1.9 m/d in the smal- 
ler shafts and 1.3 m/d overall in the larger shafts, operating three shifts per day. 
The curves are based on circular shafts with concrete lining. Total daily cost is 
the cost per meter advance times the daily advance rate. 


Services installed in the shaft include guides, manways, air, water and vent lines, 
and signal lines. Sinking is considered to be done with a sinking headframe. Costs 
for permanent hoisting facilities are included in section 4.2.3.1. (Hoisting 
Facilities). 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 615.595(x)0+542 
The operating labor costs are distributed as follows: 


DirecD labor. sss cele scietee ns 84% 
Maintenance! LabpOr sss < 6's scle es 164 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 

Av salary 

per hour 

(base rate) 
Min@ TS. wiclet oc clete o eterete wie elete ote 34% $18.44 


Hel perS.ccccccccccvccccccccs DOK 15.09 
SUDO Wlierss «teleosts leis lefelelsleierete 44% he D4 


Average wage for labor is $16.35 per worker-hour (including burden and average 
shift differential) 


(S) Supply Operating Cost (Yo) = 182.051(x)09-558 
The supply cost consists of 21% explosives, 34% steel items, 38% miscellaneous 
items, 64 electricity, and 1% timber. Supplies include drill bits and steel, 
powder, caps, timber, hanging rods, vent line, compressed air pipe, pump line, 
water line, concrete line, blasting lines, and bell cord. 


(E) Equipment Operating Cost (Yp) = 681.476 (x)0-407 


The equipment operating cost consist of 88% for repair parts, 7% for fuel and 
lubrication, and 54 for tires (tires used on topside crane and loader servicing 
the shaft sinking). The equipment operating curve covers daily maintenance and 
repair, repair parts, and lubrication for drills, fans, muckers, and other eq- 
uipment used to sink the shaft. 
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ADJUSTMENT FACTORS 

' Rock Hardness Factor Shaft sinking productivity is directly related to rock hard- 
ness. If the compressive strength of the rock is known, or an estimate can be 
made from table A-l in the appendix, multiply the costs obtained from the curves 
by the following factors (base rock strength = 31,700 psi): 

Labor factor (Fz) = 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fp) = 0.715(c)9- 033 
where: C = compressive rock strength, in pounds per square inch. 


| Timber Factor If the shaft is to be lagged with timber instead of lined with con- 
crete, multiply the costs obtained from the curves by the following factor: 


Timber factor (Fr) = 0.482(x)9-077, 
where: X = face area, in square meters. 





Assume a timber-lined shaft would have a rectangular configuration. 


COST, dollars per meter depth 
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}5.2. UNDERGROUND MINING--OPERATING COSTS 
}5.2-1. PRODUCTION DEVELOPMENT 


©5.2.124-1. DRIFT DEVELOPMENT 
SMALL DRIFTS FOR RAIL HAULAGE 


'Costs derived from these curves apply to drifts with average rock hardness, abra- 
»siveness and standing characteristics are assumed. Advance rates range from 2 to 3 
»m/d, with productivity averaging 0.39 m per worker-shift. It has been assumed that 
'10% of the drift will require support consisting of 6-ft expansion shell rock bolts 
‘on a regular pattern. Drilling is accomplished with 3.0-in jacklegs. 


‘The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
'track laying, lunch, and travel. Muck is loaded into 2.0- or 3.0-yd3 development 
-ecars using an overshot mucker. Blasted material is hauled an average of 200 m to 
»either a fill point or reconveyance point (ore pass, hoisting station, etc.). The 
expense of additional handling must be added through the hoisting and/or haulage 
curves. 


‘Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
»equipment operation) based on a face area (X), in square meters. The curves are 
yvalid for areas between 3 and 12 m“, operating two shifts per day. The daily 
)operating cost is the product of meters of drift driven per day and the total cost 
pper meter. 





BASE CURVES 


(L) Labor Operating Cost (Yz) = 79.926(x)9-764 
The operating labor costs are distributed as follows: 


Direct PAD Olle kexehotetancrerevorodehevcsese 95% 
Mavatenance, LabOr. «<2. «i+ se 5% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(3 to (6 to per hour 

6 m2) 12 m2) (base rate) 
ett. o eta els ctetes sieisiets' eo sists @ 0.9'6 90% 83% CEE PEcar 
PPL OGY Ss bss sso scl o'0 b's 0 #0 01s 6 o- - 11% 13.86 
Motor Operators. -ccccoscsoes 104% 6% 16.09 


Average wage for labor is $17.56 per worker-hour (including burden and average 
shift differential). 


S) Supply Operating Cost (Yg) = 73.283(X)9-602 
The supply cost consists of 44% steel items, 23% explosives, 104 drill bits and 
steel, 10% ventilation materials, 54 material waste, 4% timber, 34 ballast, and 
1% electricity. Supplies include drill bits and steel, powder, caps, 
primacord, rockbolts, water pipe, compressed air pipe, electricity, steel rail, 


ties, ballast, ventilation tubing, and material waste. 
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The equipment operating cost consists of 73% for maintenance and overhaul parts, 
11% for fuel, 8% for ground engaging components, and 8% for lubrication. The 
equipment curve covers daily maintenance and overhaul parts, fuel, lubrication, 
and ground engaging components. Equipment used in drifting includes jacklegs, 
overshot muckers, ore cars, jackhammers, locomotives, and auxiliary fans. 
ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known,or an estimate can be made from 
table A-l in the appendix, multiply the costs obtained from the curves by the 
following factors (base rock strength = 31,700 psi): 
Labor factor Oo 0.388 (c)9-093 
Supply factor (Fg) = 0.579(c) 0-054 


Equipment operation factor (Fg) = 0.715(c)9-033 
where: C = compressive rock strength, in pounds per square inch. 


Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor (F;) = 1.08 
Supply factor (Fs) = 1.10 
Equipment operation factor (FR) = 1.16 


Timbering Factor If the drifts require timbering, multiply the costs obtained from 
the curves by the following factors: 


Labor factor (F;) = 1.30 
Supply factor, §(¥ic)p=pl 239 


These factors will account for standard cap and post timbering plus lagging for 
the entire length of the drift. 





COST, dollars per meter drift length 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2.1.4.2. DRIFT DEVELOPMENT 
SMALL DRIFTS FOR RUBBER-TIRED HAULAGE 


Costs derived from these curves apply to drifts with average rock hardness, abra- 
siveness and standing characteristics are assumed. Advance rates range from 2.4 to 
3.6 m/d, with productivity averaging 0.49 m per worker-shift. It has been assumed 
that 10% of the drift will require support consisting of 6-ft expansion shell rock 
bolts on a regular pattern. Drilling is accomplished with 3.0-in jacklegs. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
lunch, and travel. Mucking is accomplished using an LHD unit. Blasted material is 
hauled an average of 200 m to either a fill point or reconveyance point (ore pass, 

hoisting station, etc.). The expense of additional handling must be added through 

the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 4 and 12 m2, operating two shifts per day. Daily operat- 
ing cost is the product of meters of drift driven per day and the total cost per 
meter. 


BASE CURVES 


(L) Labor Operating Cost (Yz,) = 72.721(x)09-685 
The operating labor costs are distributed as follows: 


Direct LaDOT s cc cnstotete oreretatetel ets 96% 
Maintenance laborececcccccce 4% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(4 to (8 to per hour 

8 m2) 12 m2) (base rate) 
MinG@rssisic sss clelers cre exe ehelereterete e 84% 83% $18.31 
Helpers.) ss cle stsie csisie sieteeiie 164 11% 13.86 
LHD Operators. ais ccc sls +e oe cles - 64 16.53 


Average wage for labor is $17.30 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yo) = 43.313(x)9-687 
The supply cost consists of 334 steel items, 33% explosives, 154 ventilation 
materials, 134 drill bits and steel, 54 material waste, and 1% electricity. 
Supplies include drill bits and steel, powder, caps, primacord, rockbolts, water 
pipe, compressed air pipe, electricity, ventilation tubing, and material waste. 











: 
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(E) Equipment Operating Cost (Yg) = 1.360(x)1-188 


The equipment operating cost consists of 64% for maintenance and overhaul parts, 
18% for tires, 13% for fuel, and 54 for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drifting includes jacklegs, LHD's, auxiliary fans, and scissor lifts. 
ADJUSTMENT FACTORS 
‘Rock Hardness Factor Drifting productivity is directly related to rock hardness. 

- If the compressiv compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor (Fy) = 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fr) = 0. 715(c)9+ 933 
where: C = compressive rock strength, in pounds per square inch. 


/Rock Bolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor GE, 4/110 
Supply factor) (Fc) * 1.15 


Equipment operation factor (Fp) = 1.11 
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' 5.2. UNDERGROUND MINING--OPERATING COSTS 

















' 5.2.1. PRODUCTION DEVELOPMENT 


5.2-1.4.3. DRIFT DEVELOPMENT 
MEDIUM DRIFTS FOR RUBBER-TIRED HAULAGE 


Costs derived from these curves apply to drifts with face areas between 6 and 20 


m2, Average rock hardness, abrasiveness, and standing characteristics are 
-assumed. Advance rates range from 5.4 to 6.0 m/d, with productivity averaging 0.71 





m per worker-shift. It has been assumed that 10% of the drift will require support 
consisting of 6-ft expansion shell rock bolts on a regular pattern. Drilling is 
accomplished with two- or three-boom jumbos. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
lunch, and travel. Mucking is accomplished using an LHD unit. Blasted material is 
hauled an average of 200 m to either a fill point or reconveyance point (ore pass, 

hoisting station, etc.). The expense of additional handling must be added through 

the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, 
and equipment operation) based on a face area (X), in square meters. The curves 


are valid for areas between 6 and 20 m2, operating two shifts per day. Daily 


operating cost is the product of meters of drift driven per day and the total cost 
per meter. 


BASE CURVES 


(L) Labor Operating Cost (Yj) = 86.960 (x) 0-349 
The operating labor costs are distributed as follows: 


Direct ADOT crere ee atone’ eveles sieve 93% 
Mai ncenance..LabOts.«s.0«\o. 0c. 0-6 pe 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(6 to (153s per hour 

13 m2) 20 m2) (base rate) 
PEE CG ote talelalerciv.elcla'e' 6.6 aisiecse'0\e 69% 67% $18.31 
Peet DO IS e! als 4.014 010.0 614 -0.¥-vinseie 0-0-0 21% 204% 13.86 
POR ODESILOLS. «css osc ow 0 0-6 104% 7h 16.53 
Utility workerS.ccccccccece - 64 16.98 


The average wage for labor is $17.21 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ye) = 27.390(x)0-855 
The supply cost consists of 53% steel items, 29% explosives, 12% ventilation 
materials, 54 material waste, and 1% electricity. Supplies include drill bits 
and steel, powder, caps, prima- cord, rockbolts, water pipe, compressed air 
pipe, electricity, ventilation 
tubing, and material waste. 
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(E) Equipment Operating Cost (Ym) = 4.497 (x)0-684 


The equipment operating cost consists of 57% for maintenance and overhaul parts, 
24% for tires, 14% for fuel, and 54 for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drifting includes jumbo-mounted drifters, LHD's, jacklegs, auxiliary 
fans, and scissor lifts. 


ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l1, in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.388(c)9-093 
Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fg) = 0.715(c)9+033 
where: C = compressive rock strength, in pounds per square inch 


Rockbolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor (F;) = 1.08 
Supply factor (Fs) = 1.14 
Equipment operation factor (Fp) = 1.42 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained from 
the curves by the following factors: 


Labor factor (F,)-= 1.03 
Supply factor CFa)in= VS24 
Equipment operation factor Go) eS) Wes 


Concrete Factor If the drift is to be lined with concrete, multiply the costs 
obtained from the curves by the following factors: 


Labor factor (Fy) = 1.64 
Supply factor (Fa) (=) 1072 


Equipment operation factor (Fp) = 2.26 
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'Steel Set Factor If steel sets are to be used, multiply the costs obtained 
F from the curves by the following factors: 


Labor factor, §CF,)0= "1.37 
supply; factor »P (Fo)! =) 2.47 


Equipment operation factor (Fp) = 1.19 
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'5.2. UNDERGROUND MINING--OPERATING COSTS 






/5.2.1. PRODUCTION DEVELOPMENT 


}5.2.1.4.4. DRIFT DEVELOPMENT 
| LARGE DRIFTS FOR RAIL HAULAGE 


| Costs derived from these curves apply to drifts with face areas between 8.0 and 25.0 
m2. Average rock hardness, abrasiveness, and standing characteristics are 

assumed. Advance rates range from 5.0 to 6.8 m/d, with productivity averaging 0.57 
'm per worker-shift. It has been assumed that 10% of the drift will require support 
consisting of 6-ft expansion shell rockbolts on a regular pattern. Drilling is 
accomplished with 3.0-in jacklegs. 


‘The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
track laying, lunch, and travel. Muck is loaded into 6.0- to 10. 0-yd3 development 
cars using an overshot mucker. Blasted material is hauled an average of 200 m to 

-either a fill point or reconveyance point (ore pass, hoisting station, etc.). The 

-expense of additional handling must be added through the hoisting and/or haulage 
curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
‘valid for areas between 8 and 25 m2, operating two shifts per day. Daily 
operating cost is the product of meters of drift driven per day and the total cost 
‘per meter. 


BASE CURVES 


(L) Labor Operating Cost (YT) == 27.037 (x)9+857 
The operating labor costs are distributed as follows: 


Direct ra DOTitelerestove cl sleece.e elece 90% 
ae CONSNCE. VADOTs «6:0 0's 66.06 104 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(8 to (16 to per hour 

16 m2) 25 m2) (base rate) 
PANTS Goreiiic cisieieis catre sens 6 68 73% 68% $18.31 
HELDETS se crccoccccescseceses 12% 17% 13.86 
Utility workers. .cessscccce 8% - 16.98 
PEMCKEWOLCK OCG dele Stele cle S008 0.6 - 9% 16.53 
Motor OperatorSe.ccccccccees 7h 6% 16.09 


The average wage for labor is $17.34 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Ys) = 63.689 (x)9-693 
The supply cost consists of 534 steel items, 19% explosives, 104 drill bits and 


steel, 8% ventilation materials, 54 material waste, 34 timber, 1% ballast, and 
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1% electricity. Supplies include drill bits and steel, powder, caps, primacord, 
rockbolts, water pipe, compressed air pipe, electricity, steel rail, ties, 
ballast, ventilation tubing, and material waste. 

(E) Equipment Operating Cost (Yp) = 1.437(x)1-+0956 
The equipment operating cost consists of 834 for maintenance and overhaul parts, 
9% for ground engaging components, 4% for fuel, and 4 percent for lubrication. 
The equipment curve covers daily maintenance and overhaul parts, fuel, lubrica- 
tion, and ground engaging components. Equipment used in drifting includes 
jumbos, overshot muckers, ore cars, jacklegs, jackhammers, locomotives, scissor 
lifts, rail tampers, roof bolters, and auxiliary fans. 

ADJUSTMENT FACTORS 


Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor (Fy) = 0.388(c)9-093 
Supply factor (Fs) = 0.579(C) 9-054 


Equipment operation factor (Fp) = 0.715(c)9-033 
where: C = compressive rock strength, in pounds per square inch. 


Rockbolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor, kaclorwesCh ye er. O2 

Supply factor (Fg) = 1.09 

Equipment operation factor (FR) = 1.23 

Dual Track Factor To account for two sets of tracks in the drift (drifts greater 

than 16 m“ only) multiply the costs obtained from the curves by the following 
factors: 

Labor factor CFrasat 11 

Supply factor (Fg) = 1.26 


Equipment operation factor (Fp) = 1.17 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained from 
the curves by the following factors: 


Labor factor CEn) apels.02 
Supply factor (Fg) = 1.16 


Equipment operation factor (Fr) = 1.15 
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'Concrete Factor If the drift is to be lined with concrete, multiply the costs 
obtained from the curves by the following factors: 


| Labor factor (Fy) = 1.52 


Supply factor (Fs) = 1.81 














Equipment operation factor (Fp) = 2.14 


Steel Set Factor If steel sets are to be used, multiply the costs obtained 
from the curves by the following factors: 


Labor factor (Fy) = 1.29 
Supply factor (Fg) = 1.95 


Equipment operation factor (FR) = 1.10 
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'5.2.- UNDERGROUND MINING--OPERATING COSTS 
»5.2-1. PRODUCTION DEVELOPMENT 


5.2.1.4.5. DRIFT DEVELOPMENT 
LARGE DRIFTS FOR RUBBER-TIRED HAULAGE 
| Costs derived from these curves apply to drifts with assumed average rock hardness, 
|-abrasiveness, and standing characteristics. Advance rates range from 2.3 to 2.7 
m/d, with productivity averaging 0.55 m per worker-shift. It has been assumed that 
10% of the drift will require support consisting of 6-ft expansion shell rockbolts 
on a regular pattern. Drilling is accomplished with two- or three-boom jumbos. 


The drifting cycle includes drilling, loading, blasting, venting, mucking, scaling, 
lunch, and travel. Mucking is accomplished using front-end loaders and trucks. 
Blasted material is hauled an average of 200 m to either a fill point or reconvey- 
ance point (ore pass, hoisting station, etc.). The expense of additional handling 

must be added through the hoisting and/or haulage curves. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 

| equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 20 and 50 m2, operating two shifts per day. Daily operat- 
ing cost is the product of meters of drift driven per day and the total cost per 
meter. 


BASE CURVES 


(L) Labor Operating Cost (Yyz,) = 43.360(x)9-542 
The operating labor costs are distributed as follows: 


Direct a DOTS cteteve ctotevatevelelevertete 91% 
Maintenance labOTre «ss se. estes 9% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(20 to (35 to per hour 
50 m2) 50 m2) (base rate) 
BETILGES eleva Sis" sk e.0 ster arele 6 © 0's provers 68% 59% 18.31 
He OT Gilets siciccis oo oc cies 0 5 11% 20% 13.86 
Loader OperatorsS..cccccececs 7h 6% 16.53 
EL Ye WOTKELS o's clelt s bleiee s' 0's 14% 154 16.98 


The average wage for labor is $17.28 per worker-hour (including burden and 
average shift differential). 


S) Supply Operating Cost (Yo) = 57.018(x)9-617 
The supply cost consists of 34% explosives, 33% steel items, 154 drill bits and 
steel, 12% ventilation materials, 54 material waste, and 1% electricity. Supp- 
lies include drill bits and steel, powder, caps, primacord, rockbolts, water 
pipe, compressed air pipe, electricity, ventilation tubing, and material 


waste. 
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(E) Equipment Operating Cost (Yp) = 4.144(x)9- 661 


The equipment operating cost consists of 60% for maintenance and overhaul parts, 
254 for fuel, 11% for tires, and 4% for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drifting includes jumbo-mounted drifters, front-end loaders, jacklegs, 
auxiliary fans, and scissor lifts. 
ADJUSTMENT FACTORS 
Rock Hardness Factor Drifting productivity is directly related to rock hardness. 

If the compressive strength of the rock is known, or an estimate can be made 
from table A-l of the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 

Labor factor (Fy) = 0.388(c)09-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9-933 
where: C = compressive rock strength, in pounds per square inch 


Rockbolt Factor For regular bolting of the entire drift, (1.2 bolts per square 
meter), multiply the costs obtained from the curves by the following factors: 


Labor factor (Fy ,) = 1.12 
Supply factor’ (Fc) = 1.13 
Equipment operation factor (FR) = 1.31 


Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained from 
the curves by the following factors: 


Labor factor CF =e. 02 
Supply factor (Fs) = 1.19 


Equipment operation factor (Fe) = bs 
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UNDERGROUND MINING--OPERATING COSTS 
1. PRODUCTION DEVELOPMENT 


1.4.6. DRIFT DEVELOPMENT 
DRIFT-TUNNEL BORING 


This section covers costs associated with a mine using drift-tunnel boring machines 
(TBM's) and associated equipment. 


The 
and 
The 
per 


(L) 


(S) 


(E) 


total cost per meter is the sum of three separate cost curves (labor, supplies, 
equipment operation) based on the excavated machine diameter (X), in meters. 
curves are valid for diameters between 2.74 and 10.67 m, operating two shifts 
day. Total daily cost is the cost per meter times the daily advance rate. 


BASE CURVES 


Labor Operating Cost (Yyz) = 142.640(x)9-000 
The operating labor costs are distributed as follows: 


Direct WViADO Takes ckokelereletcie cleteters 62% 
Maint enanCerladoO Gsisietoteletsws erels 382 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 
per hour 
(base rate) 
OPETA COs c olele siciersiofe slerete etste 14% $18.31 
HE LDPET Sere c'e\o oleisieclojeie ei nicioreia lets 22% 13.86 
SUPPOLU ewes c's es tetetel lee < aieisie cco 644% L6e27 


The average wage for labor is $15.92 per worker-hour (including burden and 
average shift differential). 


Supply Operating Cost (Yg) = 2.845 (x)1-896 
The supply cost consists of 81% drill and cutter bits, 54 lubrication, 134 


electricity, and 1% miscellaneous items. Supplies include oil, filters, wear 
items, and power. 


Equipment Operating Cost (Yp) = 1.135(x)3-016 


The equipment operating cost consists of 69% for maintenance and overhaul parts 
and 31% for cutter costs. The equipment operating curve covers daily mainte- 
nance and repair, repair parts, and cutter costs. 


ADJUSTMENT FACTOR 


Contractor Factor A contractor is often used with drift-tunnel boring because of 


the specialized nature of the machinery. If a contractor is used, multiply the 
costs obtained from the curves by the following factor: 


Labor factor (Fy) = 1.94 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5-2.-1.5.1. RAISE DEVELOPMENT 
DRIVING RAISES 


The costs calculated from these curves represent two-compartment, conventionally 
driven raises. It is assumed that the raises are timbered and lagged, and contain 
water and compressed air lines. Face areas vary from 2.0 to 9.5 m*. Advance 

rates range from 0.83 m per worker-shift for a 2.3-m2 raise to 0.49 m per worker- 
shift for a 9.3 m* raise. It is assumed that blasted material is hauled an aver- 
age distance of 200 m to a conveyance point (ore pass, hoisting station, etc.) using 
rail-mounted equipment. If the material is to be hauled out of the mine, the ton- 
nage attributed to raising should be added to the haulage curves for the period of 
time necessary to complete the raise. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 2 and 9.5 m2, operating two shifts per day. Daily operat-— 
ing cost is the product of meters of raise driven per day and the total cost per 
meter. 


BASE CURVES 


(L) Labor Operating Cost ip) = 134.819 (x) 0-438 
The operating labor costs are distributed as follows: 


Direct lab Oiteters teletel erevers slelotevets 964 
Maintenance: Labo te .sesle sate oe 4% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 

(2 to (6 to per hour 

6 m2) 9.5 m2) (base rate) 
MANMGCLrS « vicrers o'eierthe vs.cs tress cet > 85% 764% $18.31 
He IDET wists elas oi chels Ueis cic otele oiele 124 19% 13.86 
Motor Operators. cccecccccces 3% 54% 16.09 


The average wage for labor is $17.53 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 109.009(x)9-526 
The supply cost consists of 514 timber, 19% explosives, 10% steel pipe, 104 
ventilation materials, 4% material waste, 54 drill bits and steel, and 1% elec- 
tricity. Supplies include drill bits and steel, powder, caps, lead wire, water 
pipe, compressed air pipe, vent duct, electricity, and timber. 


(E) Equipment Operating Cost GY ar) a= 2.267 (X)9-757 


The equipment operating cost consists of 57% for maintenance and overhaul parts, 


334 for ground engaging components, and 10% for lubrication. The equipment 
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curve covers maintenance and overhaul parts, ground engaging components, and 


lubrication. Equipment used for raising includes stoper drills, fans, locomo- 
tives, ore cars, and overshot muckers. 


ADJUSTMENT FACTORS 







‘Timber Factor If the raise is not timbered and lagged, multiply the costs obtained 
from the curves by the following factors: 


Labor factor (Fy) = 0.76 

Supply factor (Fg) = 0.50 
These factors will account for the fact that the only timber needed will be for 
ladders, landings, and drill platforms (stull supported), and that the labor 
will be reduced since no timber installation time will be required. 
‘Raise Climber Factor If a raise climber is used, construction time is significantly 
reduced, but an extra piece of equipment is required. To modify the costs, 
multiply the costs obtained from the curves by the following factors: 

Labor factor GET) e006 


Equipment operation factor (Fp) = 1.44 


‘Rubber-Tired Equipment Factor If an LHD is used for muck disposal, it is assumed 
that the overshot mucker, battery locomotive, and rail cars would be eliminated. 
To compensate for this, multiply the costs obtained from the curves by the fol- 
lowing factors: 

Labor factor (Fy) = 0.99 

Equipment operation factor CFR m=ri. 25 


Steel Chute Factor The placement of a steel chute at the bottom of a raise 
requires additional labor and supplies. However, the need for an overshot 
mucker is eliminated. To account for the additional expense, for each raise, 
add to the costs obtained from the curves the following amounts: 

Tabor factor ©. .CFy))) = $1,172.00 
Supply factor (Fg) = $6,940.00 


These factors cover the timber, supplies, and labor needed to install a 
steel chute with an air-piston-activated, reverse guillotine steel door. 


To account for the absence of the overshot mucker multiply the equipment costs 
obtained from the curves by the following factor: 


Equipment operation factor (Fr) = 0.80 
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‘5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.1. PRODUCTION DEVELOPMENT 
f.2.1.5.2. RAISE DEVELOPMENT 
DROP RAISES 


)With the advent of down-the-hole drills, longhole or drop raising is becoming a 
)popular method of driving large ventilation raises and ore passes. The costs esti_ 
‘mated using these curves apply to any unlined raise driven using down-the-hole 


‘drills and vertical crater retreat blasting methods. Advance rates range from 1.5 m 


‘per worker-shift for a 4.6-m* raise to 1.0 m per worker-shift for a 13.5-m2 

raise. It is assumed that blasted material is hauled an average distance of 200 m 
to a conveyance point (ore pass, hoisting station, etc.) using rubber tired LHD's. 
If the material is to be hauled out of the mine, the tonnage attributed to raising 


should be added to the haulage curves for the period of time necessary to muck the 
raise. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 


valid for areas between 4.5 and 13.5 m2, operating two shifts per day. Daily 
operating cost is the product of meters of raise driven per day and the total cost 
per meter. 

BASE CURVES 


(L) Labor Operating Cost (Yz) = 58.314(x)9+374 
The operating labor costs are distributed as follows: 


Direct Laborers seve wees 08 86% 
Maintenance labor. @eeeeoeeeoe72ee 8 VAs 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 


per hour 

(base rate) 
SUL OTS sic.suels yell So asin sé 6 6 9 .0re 29% $18.31 
HOLDELE scp st ccs ccs te ccs ee cee 3 154 13.86 
MARA GCETS Aas sie sv os 6 sss 0's e800 6 43% Geo 
Mr OPODETALOIE <.s e101 oles see sie. s6 134% V6.3 


The average wage for labor is $17.41 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost i) = 136.383(x)9+205 
The supply cost consists of 68% blasting materials, 24% drill bits and steel, 7% 
miscellaneous items, and 1% timber. Supplies include drill bits and steel, 
blasting agent, caps, primers, detonation cord, timber, and caristrap. 
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(E) Equipment Operating Cost (Yg) = 8.895(x)0-711 


The equipment operating cost consists of 432 for maintenance and overhaul parts, 
41% for fuel, 9% for tires, and 74 for lubrication. The equipment curve covers 
daily maintenance and overhaul parts, fuel, lubrication, and tires. Equipment 
used in drop raising includes down-the-hole drills mounted on air tracks, port- 
able air compressors, LHD units, and portable bit grinders. 


ADJUSTMENT FACTORS 
Rock Hardness Factor Down-hole-drill productivity is directly related to rock hard- 
ness. If the compressive strength of the rock is known, or an estimate can be 
made from table A-l in the appendix, multiply the costs obtained from the drop 
raise equations by the following factors (base rock strength = 31,700 psi): 
Labor (Fy) = 0.388(c)9-093 
Supplies (Fg) = 0.579(c)09-054 


Equipment (FR) = 0.716(c)9-033 
where: C = compressive rock strength, in pounds per square inch. 


Service Installation Factor Few drop raises are used as service raises. If, 
however, services are installed in the raise, multiply the labor and supply 
costs by the following factors: 

Labor (Fy) = ike 51 
Supplies (Fs) = 1.37 


This will account for the purchase and installation of rockbolts, ladders, 
landings, and pipe. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2-1.5.3. RAISE DEVELOPMENT 
RAISE BORING 


The costs calculated using these curves apply to any unlined bored raise that has 
been drilled down and reamed up. The curves take into account costs incurred in 
preparation of upper and lower stations, drill platform construction, boring machine 
installation, pilot hole drilling, reaming operations, and muck removal. Average 
advance rates, including station preparation, vary from 1.89 m per worker-shift for 
a 1.5-m-diameter raise to 1.06 m per worker-shift for a 3.0-m-diameter raise. It is 
assumed that reamer cuttings are hauled an average distance of 200 m to a conveyance 
point (ore pass, hoisting station, etc.) using rubber-tired LHD's. If the material 
is to be hauled out of the mine, the tonnage attributed to raise boring must be 
added to the haulage curves for the period of time necessary to complete the raise. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on the raise diameter (X), in meters. The curves are 

valid for areas between 1.5 and 3 m, operating two shifts per day. Daily operating 
cost is the product of meters of raise driven per day and the total cost per meter. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 81.941(x)1-376 
The operating labor costs are distributed as follows: 


Direct La boris s «sree wc cles eres 49% 
Maintenances labore.s «es «cies 512% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 


per hour 

(base rate) 
Miners’. win ciente ciriotate s etelclarotetare 312% $18.31 
Raise bore operatorS..ecccoee 26% 18.31 
Raise bore helpers. ..csesece 264% 13.86 
LHD Operators..e cicc css cccees 8% 16.09 
HET DELS cs cic 'sis ehela cle cierelete elelelate 8% 13.86 
NIPPCrs ss sc wicics ccvetes clelaicteiaiels 1% 16.09 


The average wage for labor is $16.60 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operation Cost (Yg) = 180.595(x)1-097 
The supply cost consists of 834 drill and cutter bits, 5% material waste, 4% 
drill steel, 3% electricity, 3% blasting materials, 1% rock support, and 1% 
miscellaneous items. Supplies include drill bits and steel for the air legs, 
drill bits, cutter bits, and drill steel for the boring machine, blasting 
agent, caps, detonation cord, rock bolts, wire mesh, concrete, and 
electricity. 
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(E) Equipment Operating Cost (Yr) = 46.568(x)1+799 
The equipment operating cost consists of 69% for maintenance and overhaul 
parts, 22% for ground engaging components, 7% for lubrication, and 2% for fuel 
and tires. The equipment curve covers overhaul and maintenance parts, ground 
engaging components, fuel, lubrication, and tires. The equipment used for 


raise boring and station preparation includes air leg drills, LHD units, and 
raise bore machines. 


ADJUSTMENT FACTORS 


Raise Length Factor Because of the high costs incurred in station preparation and 
machine setup, the actual cost per meter will decrease as the length of the 
raise increases. The raise curves were derived using an assumed raise length 


of 100 m. If the length of the raise differs from this, multiply the costs 
obtained from the curves by the following factor: 


Length factor  (F,) = 1.468(L) ~9-080 
where L = raise length, in meters. 


The following graph illustrates recommended lengths for various raise diameters: 
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Raise diameter, in meters 
Lining Factor If the raise is to be used as an ore chute or vent raise, it 
may be lined with steel. To account for this, multiply the labor and supply 
costs by the following factors: 


Labor factor (F,)= 1.12 


Supply factor (Fo) = 1.27(x)0-276 
where X = raise diameter, in meters. 


Service Installation Factor If services are installed in the raise, multiply 
the labor and supply costs by the following factors: 


Labor factor (F,)= 1.21 


Supply factor (Fg) = 1.16 
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This will account for the purchase and installation of rockbolts, ladders, 
landings, and pipe. 


Rock Hardness Factor The hardness of the rock being bored has a great effect 
on both penetration rate and cutter life. The curves were derived using rock 
with an assumed compressive strength of 50,000 psi. Total cost may range from 
254 of the cost for rock with a compressive strength of 14,500 psi to 2004 of 
the cost for rock with a compressive strength of 75,000 psi. Actual variances 
are very difficult to estimate; however, as a general rule of thumb, the total 
cost per meter obtained from the curves may be multiplied by the following 
factor to compensate for differences in rock hardness: 


Hardness factor (Fy) = 0.0000018(c)1-231 
where C = compressive strength of rock, in pounds per square inch. See 
table A-l in the appendix for average compressive rock strengths. 


COST, dollars per meter raise length 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2-1.-6. INCLINES-DECLINES 


The inclines-declines curve is based on using jumbo drills and LHD haulage and 
assumes the opening is at a 10° angle. The cost per meter of advance does not 
change for angles 5° to 15 °. The average advance is 2.2 m/d in smaller open- 
ings and 0.6 m/d overall in larger openings. 


Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
valid for areas between 4 and 50 m“, operating one shift per day. Daily operating 
cost is the product of meters of inclines-declines driven per day and the total cost 
per meter. 


Services installed include water and compressed air lines, and heavy duty steel-re- 
inforced vent tubing. Rock competency is considered good, with just 104 of the back 
requiring rockbolting. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 42.779(x)9-789 
The operating labor costs are distributed as follows: 


Direct. IadO rs. eb «v's sels slece eS 93% 
Maintenance (Lab iistercmwerstercterete ee 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MLNET Sis.) everticle sc eteieieinre pelea cles 6 3% $18.11 
HEL PETS eo << c's 0,0 siele o.cie eters wratene 23% 13.66 
PHD FOpGracor. dese cisietetowtete reine 14% 15.89 


The average wage for labor is $16.78 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 48.709(x)0-567 
The supply cost consists of 40% explosives, 44% steel items, and 16% miscellan- 
eous items. Supplies include drill bits and steel, powder, caps, primer, rock- 
bolts, vent line, compressed air pipe, and water pipe. 


(E) Equipment Operating Cost GD) oe 1.498 (x)1-303 
The equipment operating cost consists of 49% for repair parts, 32% for fuel and 
lubrication, and 19% for tires. The equipment operating curve covers daily 
maintenance and repair, repair parts, and lubrication for drills, fans, LHD's, 
and other equipment used to drive the opening. 
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ADJUSTMENT FACTORS 
/Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
| If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the curves by 
the following factors (base rock strength = 31,700 psi): 
Labor factor CE) = 0.388(c)9-093 
Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor CEe its 0.715(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


|\Rockbolt Factor For regular bolting of the entire drift (1.2 bolts per square 
meter) multiply the costs obtained from the curves by the following factors: 


Labongfactorsy (Fr )5=)1408 
Supply piactor) ) (fa) = 1.14 
Equipment operation factor (Fp) =)542 


'Shotcrete Factor If the drift is to be shotcreted, multiply the costs obtained from 
the curves by the following factors: 


Labor factor (F,) = 1.03 
Supply factor (Fo)G= 1526 
Equipment operation factor (Fr) = 1.15 


Concrete Factor If the drift is to be lined with concrete, multiply the costs ob- 
tained from the curves by the following factors: 


Labor factor CER oy. 04 
Supply factor CEoJ a= l./2 
Equipment operation factor Cree 2626 


Steel Set Factor If steel sets are to be used, multiply the costs obtained from the 
curves by the following factors: 


Labor factor CP, evel «37 
Supply factor CBee? 47] 


Equipment operation factor (Fp) = 1.19 
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COST, dollars per meter length 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.1. PRODUCTION DEVELOPMENT 


ie.2.1.7. LARGE UNDERGROUND EXCAVATIONS 





] 


The costs derived from these curves apply to a horizontal opening driven with a two 

| boom jumbo and LHD haulage a distance of 200 m. It is assumed the walls will be 

| supported with rockbolts and wire mesh. If the material is to be hauled out of the 
»mine, the tonnage attributed to excavating should be added to to the haulage curves 
| for the period of time necessary to complete the excavation. [It is assumed that all 
equipment needed for the excavation will be required for the mining operation, and 
»will be considered in the mine equipment cost curve. 





Total cost per meter is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a face area (X), in square meters. The curves are 
'valid for areas between 13.94 and 334.45 m2, operating one shift per day. Daily 
operating cost is the product of meters of excavations per day and the total cost 

| per meter. 


: 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 10.817(x)9-947 
The operating labor costs are distributed as follows: 


Direct l:aiD OLietehonesciecrelotete eneterete 91% 
Maintenance labor. . oss os ee 9% 





The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
PEDITT S siglete sis ete e sais ss 01676 oe 6 6 764% $18.11 
Helpers .ccccccccccccccccscs 19% 13.66 
Motor Operators...ccccacses 54% 15.89 


The average wage for labor is $17.16 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 23.050(x)0-793 
The supply cost consists of 66% explosives, 28% steel items, and 6% ventilation. 
Supplies include drill bits and steel, powder, caps, primer cord, water pipe, 
compressed air pipe, vent duct, rockbolts and wire mesh. 


(E) Equipment Operating Cost (YR) = 1.739 (x)9- 917 


The equipment operating cost consists of 45% for overhaul and repair parts, 354 
for tires, and 204 for fuel and lubrication. The equipment operating curve 
covers daily maintenance and overhaul parts and lubrication for drills, fans, 
LHD's, and roof bolters. 
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ADJUSTMENT FACTORS 

Track Haulage Factor If track haulage is used, the LHD will be replaced by a 
battery locomotive, overshot mucker, and rail cars. Rubber-tired equipment is 
more expensive to operate than rail-mounted equipment. Therefore, to account 
for cost of the equipment and installing rail, multiply the costs obtained from 
the curves by the following factors: 

Supply factor CEo) 2271713 
Equipment operation factor GFE) a= i097 1: 

Shotcrete Factor For additional expenses associated with coating the excavation to 
a shotcrete depth of 3.8 cm, multiply the costs obtained from the curves by the 
following factors: 

Labor factor (F,) = 1.05 
Supply factor (Fg) = 1.59 


Equipment operation factor (Fp) = 1.09 























10,000 


COST, dollars per meter excavation 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2.1.9. STOPE PREPARATION 


Stope preparation includes any operation and excavation necessary to bring a stope 
into full-scale production. Stope preparation is, of course, different for every 
mining method, so each method is dealt with individually in the following sections. 
In general, however, costs derived from the following curves cover every operation 
and excavation needed to develop the stope for full capacity extraction, and to con- 
nect it with the main haulage system. A detailed list of items needed for indivi- 
dual methods is provided in each of the following sections. In order to obtain an 
accurate cost estimation, the evaluator must provide the dimensions and estimated 
tonnage of a typical stope designed for the deposit under evaluation. 


Each operating cost must be calculated as a daily cost, that necessitates the amount 
of daily stope development required after production begins. One method to arrive 
at this daily cost is to use the following relationship: 


daily cost = [cost per metric ton] x [(metric tons of minable ore - metric 
tons of ore developed prior to production) / (mine life, in days)]. 


Another method is to calculate the total number of stopes needed to mine the entire 
ore body, subtract the number of stopes developed during preproduction, and divide 
the remaining number of stopes by the mine life in days. This is the number of 
stopes to be developed on a daily basis to be used as a multiplier on the following 
stope preparation sections. 
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5.2.1. PRODUCTION DEVELOPMENT 











'5.2.1.9.1. STOPE PREPARATION 
| BLOCK CAVING 


| 





Items needed for preparation of a block caving stope include panel drifts, access 
idrifts, grizzly drifts, undercut drifts, draw raises, transfer raises, and cave 
induction. All ore chutes, grizzlies, and support and reinforcement items are in- 
| cluded in the curve. The curves cover blocks in horizontal area and of any height. 

Costs represent a system in which ore is moved to the main haulage level by gravity 
) methods. 





Total cost per block is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a typical block plan view area (X), in square meters. 
The curves are valid for areas between 2,400 and 6,300 m2, operating two shifts 
per day. The costs are then multiplied by the number of blocks developed per day to 

obtain a cost per day or the costs are divided by the metric tons per block to ob- 

tain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Yz) = 573.198(x)9-881 
The operating labor costs are distributed as follows: 


Direct Wa DOM stele s olele ct sleie eleis 982% 
Pamiclenance’ Labor.ceceocce ss 2% 





The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MINCrSecescicaceccessceseces.ecs 72% $18.31 
HELPCrs. occvccccccccccceccees 24% 13.86 
MHUEODGTALOTS.s «+ cwess ccc ee oe 4% 16.09 


The average wage for labor is $17.15 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 650.100(x)0-883 
The supply cost consists of 26% steel items, 25% concrete, 204 timber, 184 
blasting supplies, 5% contingency, 4% drill bits and steel, and 24 all other 
items. Supplies necessary for the development of a block caving stope include 
drill bits and steel, blasting agent, caps, timber, concrete, rail, water and 
compressed air pipe, ventilation ducting, rockbolts, electricity, and steel for 
ore chutes and grizzlies. 


(E) Equipment Cost (Yg) = 11.355(x)9-885 


The equipment operating cost consists of 76% for maintenance and overhaul parts, 
9% for tires, 84 for fuel, and 7% for lubrication. The equipment curve covers 
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daily maintenance and overhaul parts, tires, fuel, and lubrication. Equipment 
used in stope preparation for block caving includes jacklegs, auxiliary fans, 
overshot muckers, locomotives, ore cars, LHD's, and fan drills. 
ADJUSTMENT FACTORS 
Nongravity Caving Factor If the ore is to be transferred to the main haulage system 
using slushers or LHD's, adjustments must be made to the costs. Multiply the 


costs obtained from the curves by the following factors: 


Slushers: 
Labor factor (Pre =h0885 


Supply factor CFoJi=-0.83 
Equipment operation factor CP m= 8.0509 


LHD's: 
Labor factor CPi 02.60 


Supply factor (Fs) = 0.84 

re Equipment operation factor (FR) = 0.77 
Rock Hardness Factor’ Block caving development costs are directly related to rock 

hardness. If the compressive strength of the rock is known, or an estimate can 
be made from table A-l in the appendix, multiply the costs obtained from the 
equations by the following factors (base rock strength = 31,700 psi): 

Labor factor CFS 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)0-054 


Equipment operation factor (FR) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5-2-1-9.2. STOPE PREPARATION 
CONTINUOUS MINING 


Continuous miner stopes are initiated with multientry panels directly off the main 
haulage level. The method changes little from the initial cuts to the completion 
of the stope. The cost of the main haulage level cannot be included in the stope 
preparation costs since many stopes benefit from this one entry. Because the cost 
per ton of excavating the production entries from the haulage level is the same as 
that for production mining, no stope preparation cost is required. 


For operating cost estimation, daily haulageway development must be sufficient to 
open up the number of new stopes required to maintain production. 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5-2-1.9.3. STOPE PREPARATION 
CUT AND FILL 


Items needed for preparation of a cut-and-fill stope include a crosscut from the 
main haulageway, a blind raise access cut with two ore chutes, a manway, a timber 
slide, and an initial bottom sill cut. The curves cover stopes ranging from 2.4 m 
wide by 61.0 m long to 4.9 m wide by 106.7 m long and of any reasonable height. 


Total cost per stope is the sum of three separate cost curves (labor, equipment 
operation, and supplies) based on a plan view area (X), product of length and width, 
in square meters. The curves are valid for areas between 140 and 540 m2, operat- 
ing two shifts per day. The costs are then multiplied by the number of stopes deve- 
loped per day to obtain a cost per day or the costs are divided by the metric tons 
per stope to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Y¥z,) = 4,422.948(x)09-369 
The operating labor costs are distributed as follows: 


Direct lial b Otuahonetelstercketolchavetinvetere 97% 
Maintenances LADOT << 4's sis «e166 5 3% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(140 to (340 to per hour 
340 m2) 540 m2) (base rate) 
MInGratian are cinsec asst cies os 6.9 69% 734 $18.31 
HEL DOr Sisntetwews sr were ole tea sree 25% 2 3% 13.56 
Motor OperatorSecccccccccces 64 4k 16.09 


The average wage for labor is $17.13 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 16,203.090(x)9-197 
The supply cost consists of 31% timber, 25% blasting supplies, 24% steel items, 
5% drill bits and steel, 54 contingency, 44 ventilation material, 34 sandfill 
preparation material, and 34 electricity and miscellaneous items. Sup- 
plies necessary for the development of a cut-and-fill stope include drill bits 
and steel, blasting agent, caps, timber, rail, ballast, steel pipe, ventilation 
ducting, rockbolts, burlap, electricity, and steel for ore chutes. 


(E) Equipment Cost (Yg) = 311.270(x)9-201 


The equipment operating cost consists of 854 for maintenance and overhaul parts, 
8% for lubrication, and 7% for ground engaging components. The equipment curve 
covers maintenance and overhaul parts, ground engaging components, and lubrica- 
tion. Equipment used in stope preparation for cut-and-fill mining includes 
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jacklegs, stopers, jackhammers, auxiliary fans, overshot muckers, locomotives, 
ore cars, and slushers. 


ADJUSTMENT FACTOR 


Rock Hardness Factor Cut-and-fill stope development costs are directly related to 
rock hardness. If the compressive strength of the rock is known, or an estimate 
can be made from table A-l in the appendix, multiply the costs obtained from the 
cut-and-fill stope preparation equations by the following factors (base rock 
strength = 31,700 psi): 


Labor factor (Fie 0.403(c)9-090 
Supply factor (Fg) = 0.590(c)9-052 


Equipment operation factor (FR) = 0.716(c)9-933 


where C = compressive rock strength, in pounds per square inch. 





COST, thousands of dollars per stope 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2-1.9.4. STOPE PREPARATION 
LONGHOLE-SUBLEVEL 


Items needed for preparation of a sublevel-longhole stope include sublevels, a bot- 
tom sill cut, a scram drift, crosscuts connecting the bottom sill and scram drifts, 
an access raise, and a slot raise. The curves cover stopes ranging from 5.4 m wide 
by 61.0 m high by 76.2 m long to 18.3 m wide X 121.9 meters high by 152.4 m long. 


Total cost per stope is the sum of three separate cost curves (labor, equipment 
operation, and supplies) based on a profile view area (X), product of length and 
height, in square meters. The curves are valid for areas between 4,600 and 18,600 
m“, operating two shifts per day. The costs are then multiplied by the number of 
stopes developed per day to obtain a cost per day or the costs are divided by the 
metric tons per stope to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Yz,) = 357.256(x)9-685 
The operating labor costs are distributed as follows: 


Direct LADO Bis techerece chetevedere ctonene 95% 
Maintenance’ labor... ccccscece ois 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(4,600 to (11,600 to per hour 
11,600 m2) 18,600 m2) (base rate) 
MAMEPS 210.0 ole cceke aie Gielelete ate a ore 65% 654 $18.31 
HEE PET Sic ain ele v1s!ebe sheletelchsle elelelere 22% 22% 13.86 
LHD Operators. <.<.+ ess em s cles 9% 8% 16.09 
Utility workerS..ccccccscces 3% 4h 15.94 
SUGVCY OLS sis sels stelele ers siaettereiace 1% 14 15.08 


The average wage for labor is $17.05 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 363.252(x)09-687 
The supply cost consists of 464 blasting supplies, 16% steel items, 10% drill 
bits and steel, 94 ventilation materials, 9% timber, 54 contingency, and 54 
electricity and miscellaneous items. Supplies necessary for the development of 
a sublevel-longhole stope include drill bits and steel, blasting agent, caps, 
timber, water and compressed air pipe, ventilation ducting, electricity, and 
rockbolts. 


(E) Equipment Cost (Yp) = 23.555(x)9-+707 
The equipment operating cost consists of 57% for maintenance and overhaul parts, 


19% for tires, 17% for fuel, and 7% for lubrication. The equipment curve covers 
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maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for sublevel-longhole mining includes jacklegs, auxiliary 


fans, LHD's, booster compressors, jumbo-mounted drifters, and air-track-mounted 
longhole drills. 


ADJUSTMENT FACTOR 


‘Rock Hardness Factor Sublevel-longhole stope development costs are directly related 
to rock hardness. If the compressive strength of the rock is known, or an esti- 

mate can be made from table A-l in the appendix, multiply the costs obtained 

from the equations by the following factors (base rock strength = 31,700 psi): 





Labor factor (Fy) = 0.392(c)9-093 
Supply factor (Fs) = 0.579(c)9-054 


Equipment operation factor (Fr) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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(5.2.1. PRODUCTION DEVELOPMENT 


15.2.1.9.5. STOPE PREPARATION 
RESUING 


Items needed for preparation of a resuing stope include an access drift along the 
»stope in the footwall, a blind raise access cut with two ore chutes and a manway, 
‘and a starter drift running the length of the stope. The blind raise runs the en- 

| tire height of the stope, and both the raise and the starter drift are driven in ore 
‘and waste. Ore excavated during development is generally discarded as waste. The 
curves cover stopes ranging from 22.9 m long by 18.3 m high to 45.7 m long by 38.1 m 
‘high, and 1.5 m in width. 


‘Total cost per stope is the sum of three separate cost curves (labor, equipment 
\}operation, and supplies) based on a profile view area (X), product of length and 
‘height, in square meters. The curves are valid for areas between 350 and 2,000 
‘m2, operating two shifts per day. The costs are then multiplied by the number of 
»stopes developed per day to obtain a cost per day or the costs are divided by the 
)metric tons per stope to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Y¥yz,) = 1,077.505(x)9+448 
The operating labor costs are distributed as follows: 


Direct all OTiatete otetete ole utete le rere 97% 
Pati cenance  sLADOLs + ss 264 ae c eye 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 
per hour 
(base rate) 
MINCTS oe oc tierete o'er rietetsralelevety sle's 86% $18.31 
Be UORTS scist es ials s+ sis eels etbhe ste.s 9% 13.86 
Motor oOperatorS.cecccccccves 5% 18.31 


The average wage for labor is $17.80 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 4,004.706(x)9+290 
The supply cost consists of 61% steel items, 13% blasting supplies, 12% timber, 
6% ventilation materials, 4% drill bits and steel, 3% contingency, and 1% elec- 
tricity and miscellaneous items. Supplies necessary for the development of a 
resuing stope include drill bits and steel, blasting agent, caps, timber, rail, 
ballast, steel pipe, ventilation ducting, electricity, and steel for ore chutes. 


(E) Equipment Cost (YR) = 24.097(x)0+499 


The equipment operating cost consists of 674 for maintenance and overhaul parts, 
16% for ground engaging components, 94 for fuel, and 8@ for lubrication. The 
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equipment curve covers maintenance and overhaul parts, ground engaging compo- 
nents, fuel, and lubrication. Equipment used in stope preparation for resuing 
includes jacklegs, stopers, auxiliary fans, overshot muckers, locomotives, ore 


cars, and slushers. 


ADJUSTMENT FACTOR 
Rock Hardness Factor Resuing stope development costs are directly related to rock 
hardness. If the compressive strength of the rock is known, or an estimate can 
be made from table A-l in the appendix, multiply the costs obtained from the 
equations by the following factors (base rock strength = 31,700 psi): 
Labor factor (Fz) = 0.403(c)9-090 
Supply factor (Fg) = 0.590(c)9-052 


Equipment operation factor (FR) = 0.716(c)09-033 
where C = the compressive rock strength, in pounds per square inch. 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5-2.1.9.6. STOPE PREPARATION 
ROOM AND PILLAR, MEDIUM TO HARD ROCK 


The main item needed to prepare a metallic room-and-pillar stope is an access drift 
from a main haulageway running the entire length of the panel. The curves cover 
panels ranging from 12,900 to 30,200 m2 in horizontal area, and of any feasible 
height. 


Total cost per stope is the sum of three separate cost curves (labor, equipment 
operation, and supplies) based on a plan view area (X), product of length and width 
in square meters. The curves are valid for areas between 12,900 and 30,200 m2, 
operating two shifts per day. The costs are then multiplied by the number of stopes 
developed per day to obtain a cost per day or the costs are divided by the metric 
tons per panel to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Yz) = 4.019(x)0-890 
The operating labor costs are distributed as follows: 


Direct: Labor. eee ss siee ee cle sie c 92% 
Maintenance labor. -cccccccce 8% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(12,900 to 215507 to per hour 
21,550 m2) 30,200 m2) (base rate) 
Mimersicis «lc cic «tefeledtcle se cials'e s 46% 43% $18.31 
Hel PGrs's co sicc ese olele wlcleitece teste 11% 22% 13.86 
Utility workersici ais. cscs ss 154% 12% 16.98 
Utility helperS...cccccccccce 154 124% 13.86 
Loader operators. ..scsescces 7% 8% 16203 
SUGVEYVOCS <is'c settles se © siete « etslcie 6% 3% 15.08 


The average wage for labor is $16.53 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 2.686(x)9+997 
The supply cost consists of 58% blasting supplies, 12% steel items, 11% drill 
bits and steel, 104 ventilation materials, 54 contingency, and 4% electricity 
and miscellaneous items. Supplies necessary for the development of a metallic 
room-and-pillar stope include drill bits and steel, blasting agent, caps, water 
and compressed air pipe, ventilation materials, electricity, and rockbolts. 


(E) Equipment Cost (YR) = 0.046(x)1-128 


The equipment operating cost consists of 59% for maintenance and overhaul parts, 
21% for fuel, 13% for tires, and 74 for lubrication. The equipment curve covers 
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maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for metallic room-and-pillar mining includes auxiliary fans, 
front-end loaders, jacklegs, scissor lifts, and jumbo-mounted drifters. 





ADJUSTMENT FACTOR 
‘Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the equations 
by the following factors (base rock strength = 31,700 psi): 

Labor factor (Fy) = 0.388(c)9-093 

Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (FR) = 0.715(c)9+033 
where C = compressive rock strength, in pounds per square inch. 
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'5.2. UNDERGROUND MINING--OPERATING COSTS 


15.2.1. PRODUCTION DEVELOPMENT 


5.2.1.9.7. STOPE PREPARATION 
ROOM AND PILLAR, NONMETALLIC SOFT ROCK 


' The main item needed to develop a nonmetallic room-and-pillar stope consists of an 
' access drift from a main haulageway running the entire length of the panel. The 


curves cover panels ranging from 14,800 to 33,500 m* in horizontal area, and of 
any feasible height. 


Total cost per stope is the sum of three separate cost curves (labor, equipment 


operation, and supplies) based on a plan view area (X), product of length and width, 
in square meters. The curves are valid for areas between 14,800 and 33,500 m2, 
operating two shifts per day. The costs are then multiplied by the number of stopes 
developed per day to obtain a cost per day or the costs are divided by the metric 
tons per panel to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Yq) = 43.903(x)9-557 
The operating labor costs are distributed as follows: 


MEreCUULADOL sss sios 66 6s eso hos 93% 
Maintenance=Labor sss s'es's's"s 7% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(14,800 to (24,150 to per hour 
24,150 m2) 33,500 m2) (base rate) 
MaaiGt Bcceeisle cis'ses o's 6.66.05 ots 154 23% $18.31 
Loader OperatoOrS..ccocccccce 104 154 16.53 
Shuttle operatorS..ccccccece 104% 15% 16.09 
UCLLIty workers..ccccccvcsecce 29% 23% 16.98 
Utility helpers..cscccesveces 24% 164 13.86 
PIDVE VOUR cls «006s cs 90's 0600 6 o's 12% 8% 15.08 


The average wage for labor is $16.30 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Ys) = 20.909(x)0-632 
The supply cost consists of 634 steel items, 10% drill bits and steel, 104 
blasting supplies, 5% electricity, 4% ventilation materials, 4% contingency, and 
4% miscellaneous items. Supplies necessary for the development of a nonmetallic 
room-and-pillar stope include drill bits and steel, blasting agent, caps, water 
and compressed air pipe, ventilation materials, electricity, and rockbolts. 


(E) Equipment Cost (Yg) = 0.117(x)0-908 


The equipment operating cost consists of 69% for maintenance and overhaul parts, 
17% for tires, 11% for lubrication, and 3% for fuel. The equipment curve covers 
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maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for nonmetallic room-and-pillar mining includes roof bolters, 


ANFO trucks, undercutters, loaders, shuttle cars, portable transformers-recti- 
fiers, and jumbo-mounted drifters. 


ADJUSTMENT FACTOR 


Rock Hardness Factor Drifting productivity is directly related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the equations 


by the following factors (base rock strength = 31,700 psi): 
Labor factor (Fz) = 0.388(c)9-093 
Supply factor (Fs) = 0.579(c)9-054 


Equipment operation factor (Fr) = 0.715(c)0-033 


where C = compressive rock strength, in pounds per square inch. 


COSTS, dollars per panel 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2-1.9.8. STOPE PREPARATION 
SHRINKAGE 


Items needed for preparation of a shrinkage stope include a bottom sill cut, a scram 
drift, crosscuts from the scram to the bottom sill drift, an access raise, and dog 
holes along the raise to connect with the stope as mining progresses. The curves 
are based on the assumption that ore will be drawn from the crosscuts using LHD's. 
Stopes ranging from 2.4 m wide by 45.7 m long to 5.5 m wide by 76.2 m long are 
covered by the curve. Stope height is fixed at 6l mn. 


Total cost per stope is the sum of three separate cost curves (labor, equipment 
operation, and supplies) based on a plan view area (X), product of length and width, 
in square meters. The curves are valid for areas between 100 and 440 m2, operat- 
ing two shifts per day. The costs are then multiplied by the number of stopes deve- 
loped per day to obtain a cost per day or the costs are divided by the metric tons 
per stope to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Y,) = 9,917. 618 (x) 0-329 
The operating labor costs are distributed as follows: 


Direct TabO ris erctelee 0 eles eels elete 964 
Maintenance labor. ceccccccece 4% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(100 to (270 to per hour 
270 m2) 440 m2) (base rate) 
MINGTE ssc clauewiscc css cece 704% 654 $18.31 
Hel persis’. ca'cieic eltls civ cise siecle wis 23% 27% 13.86 
LHD operatorS.cccccsssseccene 7% 8% 16.09 


The average wage for labor is $17.09 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 7,445.199(x)0+335 
The supply cost consists of 37% blasting supplies, 19% steel items, 15% timber, 
11% ventilation materials, 9% drill bits and steel, 5% contingency, and 4% elec- 
tricity and miscellaneous items. Supplies necessary for the development of a 
shrinkage stope include drill bits and steel, blasting agent, caps, timber, 
water and compressed air pipe, ventilation ducting, electricity, and rockbolts. 


(E) Equipment Cost (YR) = 373.610(x)9-388 


The equipment operating cost consists of 64% for maintenance and overhaul parts, 
204 for tires, 10% for fuel, and 6% for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 


ong 


| stope preparation for shrinkage mining includes stopers, jacklegs, auxiliary 
fans, LHD's, and jumbo-mounted drifters. 


| ADJUSTMENT FACTOR 


)Rock Hardness Factor Shrinkage stope development costs are directly related to rock 
| hardness. If the compressive strength of the rock is known, or an estimate can 
be made from table A-l of the appendix, multiply the costs obtained from the 
equations by the following factors (base rock strength = 31,700 psi): 











Labor factor (Fy) = 0.399(c)9-091 
Supply factor (Fs) = 0.585(c)0-053 


Equipment operation factor (FR) = 0.717 (c)9- 033 
where C = compressive rock strength, in pounds per square inch. 
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|.5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.1. PRODUCTION DEVELOPMENT 


| SQUARE SET 






| 
\Items needed for preparation of a square set stope include a crosscut from the main 
thaulageway, an initial bottom sill cut, and a blind raise access cut with two ore 
| chutes, a manway, and a timber slide. The curves cover stopes ranging from 2.4 m 
»wide by 45.7 meters long to 4.9 m wide by 76.2 m long, and of any reasonable height. 


|| Total cost per stope is the sum of three separate cost curves (labor, equipment 
|,operation, and supplies) based on a plan view area (X), product of length and width, 
| in square meters. The curves are valid for areas between 100 and 400 m‘, operat- 

| ing two shifts per day. The costs are then multiplied by the number of stopes deve- 
| loped per day to obtain a cost per day or the costs are divided by the metric tons 

) per stope to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost (Yyz,) = 6,114.261(x)0+340 
The operating labor costs are distributed as follows: 


Direct IAD O Tietereiel aterslanecoemeoeto aie 97% 
Mati Cenance. LADO. «= << + sice so 3% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(100 to (250 to per hour 
250 m2) 400 m2) (base rate) 
Paley Suictslecs ce cc et cee esc csee. > 69% 73% $18.31 
PU VET Gictate’ cia’a'a avs 610\eie 8 6s). eceio'e 264% 24% 13.86 
MOTOTRODCTACOTS sess css sce ce 5% 3% 16.09 


The average wage for labor is $16.93 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 17,393.433(x)0-+208 
The supply cost consists of 43% timber, 204 steel items, 19% blasting supplies, 
9% contingency, 34 drill bits and steel, 34 ventilation materials, and 34 elec- 
tricity and miscellaneous items. Supplies necessary for the development of a 
Square set stope include drill bits and steel, blasting agent, caps, timber, 
blocking, rail, ballast, steel pipe, ventilation ducting, electricity, and steel 
for ore chutes. 


(E) Equipment Cost (Yg) = 375.160(x)9-178 


The equipment operating cost consists of 83% for maintenance and overhaul parts, 
10% for lubrication, and 7% for ground engaging components. The equipment curve 
covers maintenance and overhaul parts, ground engaging components, and lubrica- 
tion. Equipment used in stope preparation for square set mining includes jack- 
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legs, stopers, auxiliary fans, overshot muckers, locomotives, ore cars, and 
slushers. 


ADJUSTMENT FACTOR 
Rock Hardness Factor Square set stope development costs are directly related to 
rock hardness. If the compressive strength of the rock is known, or an estimate 
can be made from table A-l in the appendix, multiply the costs obtained from the 
equations by the following factors (base rock strength = 31,700 psi): 
Labor factor (Fz) = 0.403(c)9-090 
Supply factor (Fs) = 0.590(c)9-052 


Equipment operation factor (Fp) = 0.716 (c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-1. PRODUCTION DEVELOPMENT 


5.2-1.9.10. STOPE PREPARATION 
VERTICAL CRATER RETREAT 


Items needed for preparation of a vertical crater retreat stope include a topsill 
cut, a bottom sill cut, and access drifts. The curves are based on the assumption 
that, during production, ore will be drawn from the bottom sill using remote con- 
trolled LHD's. Stopes ranging from 4.6 to 11.6 m wide are covered by the curves. 
Stope length is estimated at 61 m, but may be varied plus or minus 254 without 
affecting the accuracy of the calculations. Stope height must be within the limits 
of down-the-hole drills. 


Total cost per stope is the sum of three separate cost curves (labor, equipment 
operation, and supplies) based on a plan view area (X), product of length and width, 
in square meters. The curves are valid for areas between 250 and 750 m2, operat-— 
ing two shifts per day. The costs are then multiplied by the number of stopes deve- 
loped per day to obtain a cost per day or the costs are divided by the metric tons 
per stope to obtain a cost per metric ton. 


BASE CURVES 


(L) Labor Cost CY as 2, 254.882 (x)9-464 
The operating labor costs are distributed as follows: 


Direct NA DOW ste choretoncca chore hovate eke 94% 
Maintenances labor. es sles sie cre 6% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(250 to (500 to per hour 
500 m2) 750 m2) (base rate) 
MiN16 TS oie eeleiatere cede eharela tale aietete's 604% 642 $18.31 
Hel Pe rsiviee's's ee ¢ ste lore! stevahete octets 24% 23% 13.86 
LHD, Operators. sic. o ccs s sles 10% 104% 16.09 
UtiLity- workersiete tess. ss cle es 4% 24% 25.42 
DULVEY.OTS sis ses « « 6 eale sicsisfeielsre 2% 1% 15.08 


The average wage for labor is $16.96 per worker-hour (including burden and 
average shift differential). 


(S) Supply Cost (Yg) = 1,086.699(x)0-642 
The supply cost consists of 51% blasting supplies, 20% steel items, 11% drill 
bits and steel, 10% ventilation materials, 5% contingency, and 34 electricity 
and miscellaneous items. Supplies necessary for the development of a vertical 
crater retreat stope include drill bits and steel, blasting agent, caps, water 
and compressed air pipe, ventilation ducting, electricity, and rockbolts. 
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\(E) Equipment Cost (Yg) = 10.062(x)9-969 
The equipment operating cost consists of 64% for maintenance and overhaul parts, 
19% for tires, 11% for fuel, and 6% for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment used in 
stope preparation for vertical crater retreat mining includes LHD's, jacklegs, 
auxiliary fans, and jumbo-mounted drifters. 


ADJUSTMENT FACTOR 
»Rock Hardness Factor Vertical crater retreat stope development costs are directly 
related to rock hardness. If the compressive strength of the rock is known, or 
an estimate can be made from table A-l in the appendix, multiply the costs 
obtained from the equations by the following factors (base rock strength = 
31,700 psi): 

Labor ‘factor (Fy) = 0.404(c)9- 089 


Supply factor (Fg) = 0.584(c)0-053 





Equipment operation factor (Fg) = 0.716(c)9+933 
where C = compressive rock strength, in pounds per square inch. 
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'5.2. UNDERGROUND MINING--OPERATING COSTS 





5.2.2. MINING 


Me2e2ell. BLOCK CAVING 
| GRAVITY METHOD 








‘Pure gravity block caving methods are best used when the ore is well fractured, and 
‘will break into fragments small enough to flow through a draw system without signi- 
'ficant blockage. Productivity varies from 115 to 302 mt per worker-shift. Only the 
drawing of the ore during actual production is accounted for. Construction of griz- 
izly drifts, crosscut drifts, panel drifts, and draw raises, as well as cave induc- 
‘tion, re included in the stope preparation curves. Haulage of the ore from the 
'stopes is covered in the haulage curves. Costs derived from the block caving curves 
apply to both block and panel caving methods. 


|The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) based on a production rate (X), in metric tons of ore and 
-waste per day. The curves are valid for operations between 2,500 and 40,000 mtpd, 
operating two shifts per day. Cost per metric ton of ore is calculated by dividing 
| 7 total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 15.726(x)9-671 
The operating labor costs are distributed as follows: 


Direct VTabore co cases ere es 100% 
Maintenance labor... .ccececce 04 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
HAngup WOrkKErS. «cece cece es e's 1004 $18.31 


Average wage for labor is $18.31 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 0.426 (x)9- 901 
The supply cost consists of 37% blasting agent, 8% caps, 504 miscellaneous 
items, and 54 contingency. Supplies include blasting agent, caps, and miscel- 
laneous items used for secondary blasting and supplemental drift support. 


(E) Equipment Operating Cost (Yg) = 0.049(x)9-745 


The equipment operating cost consists of 94% for maintenance and overhaul parts 
and 64 for lubrication. Equipment for gravity block caving consists only of 
jackleg drills used to assist in secondary blasting. 


COST, dollars per day 
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}'5.2. UNDERGROUND MINING--OPERATING COSTS 
}5.2.2. MINING 


)5.2.2.1.2. BLOCK CAVING 
: LOAD-HAUL-DUMP METHOD 


)}LHD block caving methods are used when the ore is not well fractured, but will cave. 
|The ore often breaks into fragments too large to be handled by slushers, and secon- 
dary blasting can be excessive. Haul length for the LHD units is estimated at 100 
m. Productivity varies from 67 to 160 mt per worker-shift. Only the drawing of the 
}ore during actual production is accounted. Construction of grizzly drifts, LHD 
\idrifts, panel drifts, and draw raises, as well as cave induction, are included in 
/||the stope preparation curves. Haulage of the ore from LHD-fed production chutes is 
‘|jcovered in the haulage curves. Costs derived from the block caving curves apply to 
both block and panel caving methods. 


!The total daily cost is the sum of the three separate cost curves (labor, supplies, 
‘and equipment operation) based on a production rate (X), in metric tons of ore and 
waste per day. The curves are valid for operations between 2,500 and 40,000 mtpd, 
soperating two shifts per day. Cost per metric ton of ore is calculated by dividing 
‘the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yyz,) = 22.650(x)0-692 
The operating labor costs are distributed as follows: 


Direct la DOT choke cicle eisle oletetetets te 93% 
Maintenance LabOre. «sess ces iy 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(2,500 to (21,.250%to per hour 
21,250 mtpd) 40,000 mtpd) (base rate) 
HAUZUD WOLKETS sss ecvesecsions 78% 88% 18.31 
PH DLDUCTALTOLS. c3 sic c ceca ee | 22h 12% $16.53 


Average wage for labor is $18.06 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 2.161(x)0- 943 
The supply cost consists of 724 blasting agent, 17% caps, 6% miscellaneous 
items, and 54 contingency. Supplies include blasting agent, caps, and miscel- 
laneous items used for secondary blasting and supplemental drift support. 


(E) Equipment Operating Cost (Yp) = 0.935 (x)9-860 


The equipment operating cost consists of 49% for maintenance and overhaul parts, 
28% for tires, 18% for fuel, and 5% for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. The equipment 
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used in LHD block caving includes LHD units for intermediate ore handling, and 
jackleg drills for secondary blasting. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-2. MINING 


5.2-2.1.3. BLOCK CAVING 
SLUSHER METHOD 


Slusher block caving methods are used when the ore is reasonably well fractured and 
breaks into fragments that can be handled by slushers. Productivity varies from 70 
‘to 181 mt per worker-shift. Only the drawing of the ore during actual production is 
accounted. Construction of grizzly drifts, slusher drifts, panel drifts, and draw 
raises, as well as cave induction, are included in the stope preparation curves. 
Haulage of the ore from the stopes is covered in the haulage curves. Costs derived 
from the block caving curves apply to both block and panel caving methods. 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) based on a production rate (X), in metric tons of ore and 
waste per day. The curves are valid for operations between 2,500 and 40,000 mtpd, 
operating two shifts per day. Cost per metric ton of ore is calculated by dividing 
the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 23.197(x)9-681 
The operating labor costs are distributed as follows: 


Direct lea DOTietaveteetsts chatatetetalctete 95% 
Maintenance labore. s.cccccee 54 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(2,500 to (21,250 to per hour 
21,500 mtpd) 40,000 mtpd) (base rate) 
Hangup: WOLTKETS o/s ls deve o ereleleveie,c 68% 79% isk Sih 
SlUSHer OperatOrs oc elvis sis's.e's1s 32% 21% 16.53 


Average wage for labor is $17.90 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yo) = 1.147(x)9-938 
The supply cost consists of 672 blasting agent, 15% caps, 13% miscellaneous 
items, and 54 contingency. Supplies include blasting agent, caps, and miscel- 
laneous items used for secondary blasting and supplemental drift support. 


(E) Equipment Operating Cost Oa 1.134 (x)9+ 766 
The equipment operating cost consists of 554 for maintenance and overhaul parts, 
39% for electricity, and 6% for lubrication. The equipment used in slusher 
block caving includes slushers for inter- mediate ore handling, and jackleg 
drills for secondary blasting. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.2. MINING 


5-2-2-2- CONTINUOUS MINING 


The continuous miner curve is based on using continuous miners, shuttle cars, and 
rock bolters. Production rates average 100 mt per worker-shift. Only the cutting 
of the ore and haulage by shuttle car to a nearby conveyor loading point (approxi- 
mately 100 m) are covered by the curve. Haulage by conveyor and other services are 
covered in other curve sections. 


The total daily cost per day is the sum of the three separate cost curves (labor, 
supplies, and equipment operation) based on a production rate (X), in metric tons of 
ore and waste per day. The curves are valid for operations between 2,000 and 30,000 
mtpd, operating two shifts per day. The cost per metric ton is calculated by 
dividing the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 0.464 (x)0-975 


The operating labor costs are distributed as follows: 


Direct Labor vere stewicrs oceiclere oles 49% 
Maintenance laborececcccccce 514 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MINGrGctes co clclels eielers sc ticle eneteteters 1004 $18.31 


Average wage for labor is $18.31 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 0.718(x)09-989 
The supply cost consists of 95% steel items and 5% tires. Supplies include 


cutter bits, tires, and rockbolts. 


(E) Equipment Operating Cost (ig) = 0.130(x)1-000 
8 


The equipment cost consists o 5% for repair parts and 154 for fuel and lubri- 
cation. The equipment operating curve covers repair parts, fuel, and lubrica- 
tion for the continuous miners, shuttle cars, and rock bolters. 


ADJUSTMENT FACTOR 


Rock Hardness Factor Continuous mining productivity is related to rock hardness. 
If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the equations 
by the following factors (base rock strength = 31,700 psi): 


wie 
Laborefactor me ry os 0.388(c)9-093 


Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fg) = 0.715(c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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'5.2. UNDERGROUND MINING--OPERATING COSTS 
Me 2e20 MINING 


' The cut-and-fill stope curve is based on using jacklegs for drilling and rock 


bolting. Costs include excavation of the ore, slushing to chutes, and sandfill 
operations including chute and manway extensions. Production rates vary from 6 to 
12 mt per worker-shift. Only the drilling and blasting of ore during actual produc- 


' tion are accounted for in this curve. Access drift construction and service instal- 


lation are covered in the stope preparation curve. Haulage and other services are 
covered in separate sections. 


|| The total daily cost per day is the sum of the three separate cost curves (labor, 


supplies, and equipment operation) based on a production rate (X), in metric tons of 
ore and waste per day. The curves are valid for operations between 100 and 8,000 


'mtpd, operating two shifts per day. Cost per metric ton of ore is calculated by 


dividing the total cost per day by the metric tons of ore produced per day. 
BASE CURVES 


(L) Labor Operating Cost Crore 49.858 (x) 0-858 
The operating labor costs are distributed as follows: 


BITect LADO. .ciste.ste.c.0.0/6 98% 
Maintenance labor..... 2h 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 

Av salary 

per hour 

(base rate) 


MIME T Sn. oclsie 6 0.06 bolsxes 6.8 80% $18.31 


HelLperSccerecccccccseves 20% 13.86 


Average wage for labor is $17.42 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 7.970 (X)9+- 976 
The supply cost consists of 26% explosives, 24% steel items, 32% timber, and 18% 


miscellaneous items. Supplies include drill bits and steel, powder, caps, 
timber, sandfill, and rockbolts. 


(E) Equipment Operating Cost (Yp) = 0.585(x)9-974 


The equipment operating cost consists of 924 for repair parts and 8% for lubri- 
cation. The equipment operating curve covers daily maintenance and repair, 
repair parts, and lubrication for the jacklegs, slushers, and tuggers. 


ADJUSTMENT FACTORS 


Rock Hardness Factor Cut-and-fill mining costs are related to rock hardness. If 
the compressive strength of the rock is known, or an estimate can be made from 
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table A-l in the appendix, multiply the costs obtained from the equations by the 
following factors (base rock strength = 31,700 psi): 


Labor factor Ce) = 0.403(c)9-090 
Supply factor (Fg) = 0.590(c)9-052 


Equipment operation factor (Fp) = 0.716 (c)9- 033 
where C = compressive rock strength, in pounds per square inch. 


Width Factor The curve is based on a stope 1.83 m wide with varying lengths. For 
stopes from 1.0 to 6.1 m wide, multiply the costs obtained from the curves by 
the following factor: 


Width factoraa AF .= 1.205(W)-0-315 
where W = width of stope, in meters. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-2. MINING 


5.2.2.4. LONGHOLE 


The cost curves are based on longhole stope mining using deephole ring drills for 
all drilling, and LHD units for drawing broken ore from a series of draw points. 
Costs for mining vein widths of 3.5 m and wider can be determined using these 
curves. Narrow or irregular veins usually do not avail themselves to longhole 
methods. The curves cover a production range of 350 to 10,000 mtpd. Average haul 
distance to a central conveyance point is estimated at 100 m. Production rates vary 
from 60.6 to 94.5 mt per worker-shift. Only the drilling, blasting, and drawing of 
the ore during actual production are accounted. Construction of drawpoints, haul- 
ageways, sublevels, and access raises are included in the stope preparation curves. 


The total daily cost per day is the sum of the three separate cost curves (labor, 
supplies and equipment operation) based on a production rate (X), in metric tons of 
ore and waste per day. The curves are valid for operations between 350 and 10,000 
mtpd, operating two shifts per day. Cost per metric ton of ore is calculated by 
dividing the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yy) = 4.922 (x)9-877 
The operating labor costs are distributed as follows: 


Direct MaDOP sc estes tee c sletelele eve 92% 
Maintenance laboOrecececcvcce 8% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(350 to C5175 to per hour 
5,175 mtpd) 10,000 mtpd) (base rate) 
Miniera vcs cile cic ge cok oeleiei a cae S 44% $18.31 
He pers’. oso occ'e + 6 erecta cree 33% 447 13.86 
Production) loaders. stewie sists 33% 8% 16.53 


Average wage for labor is $16.15 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Ys) = 0.764(x)9-973 
The supply cost consists of 40% blasting materials, 37% drill bits and steel, 
14% miscellaneous items, and 9% contingency. Supplies include drill bits, 
steel, ANFO, primers, caps, detonation cord, and miscellaneous items. 


(E) Equipment Operating Cost (Yp) = 0.316(x)9-976 


The equipment cost consists of 524 for maintenance and overhaul parts, 26% for 
tires, 17% for fuel, and 5% for lubrication. The equipment curve covers mainte- 
nance and overhaul parts, tires, fuel, and lubrication. Equipment for longhole 


stope mining includes LHD units, deep-hole drills, and ring drill carriers. 


541 
ADJUSTMENT FACTOR 
)Rock Hardness Factor lLonghole mining is related to rock hardness. If the compres- 
sive strength of the rock is known, or an estimate can be made from table A-l in 
the appendix, multiply the costs obtained from the equations by the following 
factors (base rock strength = 31,700 psi): 
Labor factor ChoOee 0.388 (c)9-093 
Supply factor (Fs) = 0.579(c)0-054 


Equipment operation factor (FR) = 0.716 (c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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)5.2. UNDERGROUND MINING--OPERATING COSTS 


| 


15.2.2. MINING 







15-2.2.5. RESUING 


'Resuing is a method of stoping in which the ore is broken and removed first and then 
'the waste or vice versa; usually the one, that breaks easier is blasted first. The 

'broken waste is left in stope as filling and the ore is broken down on flooring laid 
on the fill to prevent mixing of ore and waste. Resuing is applicable where the ore 
‘is not frozen to the stope walls and works best if there is considerable difference 

)between the hardness of the ore and the wall rocks. MThe methods is labor intensive 

sand is rarely practiced in North America except in very high-grade narrow vein-type 

ideposits of higher economic values. The productivity in the stopes using a resuing 

»method of stoping is generally low when compared with other methods of mining. 


/Productivity varies from 1.7 to 4.2 mt per worker shift in the stope. The average 
»vein width considered for 20- 200- and 400-mtpd operation is 0.46 m (18 in), 0.61 m 
(24 in) and 0.76 m (30 in) respectively. The minimum stoping width assumed is 1.2 m 
(4.0 ft). Only the drawing of the ore during actual production, with partial draw- 
ing of waste when required, is accounted. 


|The total daily cost is the sum of the three separate cost curves (labor, supplies, 
‘and equipment operation) based on a production rate (X), in metric tons of ore per 
iday. The curves are valid for operations between 20 and 450 mt, operating two 
‘shifts per day, 5 days a week. Cost per metric ton of ore is calculated by dividing 
‘the total cost per day by the metric tons of ore produced per day. 


Base Curves 


-(L) Labor Operating Cost (Yz) = 219.542(x)09-695 
The operating labor costs are distributed as follows: 


Direct a DOT ates ereiecretenetete tess 96% 
Maintenance labor. ceoccccce 4h 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MITEL Ga ties a s's 6 visislé elses es sss 504 $18.31 
BIUSHET OPEGTACOTS.s..sclece c's 05 50% 16.53 


Average wage for labor is $17.42 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 12.157 (x)1-050 
The supply cost consists of 21% powder, 21% caps, 154 rockbolts, 33% timber, and 
10% miscellaneous items. Supplies include powder and caps for blasting, rock- 
bolts and timber for ground support, and miscellaneous items such as blasting 


wires, hangers, small tools, and material waste. 
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(E) Equipment Operating Cost (Yes 0.866 (x)9-823 
The equipment operating curve consists of 80% for maintenance and repair parts 
for slushers, 12% for jacklegs, and 84% for lubricants. 


ADJUSTMENT FACTOR 
Rock Hardness Factor Resuing mining costs are related to rock hardness. If the 
compressive strength of the rock is known, or an estimate can be made from table 
A-l in the appendix, multiply the costs obtained from the equations by the fol- 
lowing factors (base rock strength = 31,700 psi): 
Laborsfactoram hy) = 0.403(c) 9-090 
Supplies factor (Fg) = 0.590(c)9-052 


Equipment operation factor (Fg) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-2. MINING 


5.2.2.6. ROOM AND PILLAR 
MEDIUM TO HARD ROCK 


The cost curves are based on room and pillar mining using jumbo-mounted drifters for 
all drilling, and front-end loaders for transferring broken ore to rubber-tired 
haulage trucks at the face. Production rates vary from 82 to 99 mt per worker- 
shift. Only the drilling, blasting, and loading of the ore during actual production 
are accounted. Access drift construction and service installation are included in 
the stope preparation curves. 


The total cost per day is the sum of the three separate cost curves (labor, supplies 
and equipment operation) based on a production rate (X), in metric tons of ore and 
waste per day. The curves are valid for operations between 1,500 and 8,000 ot, 
operating two shifts per day. Cost per metric ton of ore is calculated by dividing 
the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Y 7) = 4.074(x)0-875 
The operating labor costs are distributed as follows: 


Direct TADOTMe cleteleleleieic elete etelers 98% 
Maintenance labor.eececccees piye 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
Gl5005.c0 (4,750 to per hour 
4,750 mtpd) 8,000 mtpd) (base rate) 
Minl@ TS icisieseiccereleis cleo alec sietatorelers 364 41% $18.31 
HEUDETS sic 1c sl cic clale cote siete releleiite 364 41% 13.86 
Utility workerS....ccccocces 18% 12% 16.07 
Loader operatorS..cccccceces 104% 6% 16.49 


Average wage for labor is $15.95 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 2.572 (x)0- 863 
The supply cost consists of 48% blasting supplies, 26% drill bits and steel, 13% 
rock support materials, 8% miscellaneous items, and 54 contingency. Supplies 
necessary for medium to hard rock room and pillar mining include drill bits and 
steel, blasting agent, caps, rockbolts, and miscellaneous items. 


(E) Equipment Operating Cost (Ya) a= 0.079 (x)0- 967 


The equipment operating cost consists of 54% for maintenance and overhaul parts, 
26% for fuel, 12% for tires, and 8&4 for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment for 
medium to hard rock room and pillar mining includes jumbo-mounted drifters, 
front-end loaders, air leg drills, and powder buggies. 
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ADJUSTMENT FACTORS 





‘}Rock Hardness Factor Room and pillar mining costs are related to rock hardness. 

| If the compressive strength of the rock is known, or an estimate can be made 
from table A-l in the appendix, multiply the costs obtained from the equations 
by the following factors (base rock strength = 31,700 psi): 


Labor factor (Fy) = 0.388(c)9- 093 
Supply factor (Fg) = 0.579(c)0-054 


Equipment operation factor (FR) = 0.715(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


‘Bench Factor If the ore body is of sufficient thickness that a second pass 
can be bench drilled, multiply the costs obtained from the room and pillar 
mining equations by the following factors: 


Labor factor Cie as 0.872 (x) 9-020 
Supply factor (Fg) = 0.910 


Equipment operation factor CE) = 1.498 (x)70-013 
where X = ore and waste mined, in metric tons per day. 


These factors will account for the addition of airtrack drills, the labor 
needed for operation and repair, and the reduction of explosives associated 
with more efficient blasting methods. These factors are based on the 
assumption that 504 of all ore is extracted by bench drilling and blasting. 
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°5.2. UNDERGROUND MINING--OPERATING COSTS 
15.2.2. MINING 


°5.2-2.7. ROOM AND PILLAR 
| NONMETALLIC SOFT ROCK 


'The cost curves are based on room and pillar mining using jumbo-mounted drifters for 
-all drilling, and LHD units, or continuous loaders with shuttle cars, for handling 
broken ore. The average haul length to an access conveyor is estimated at 100 m. 
Production rates vary from 102 to 136 mt per worker-shift. Only the drilling, 
blasting, loading, and hauling of the ore to an access conveyor during actual pro- 
duction are accounted. Service and conveyor installation and access drift construc- 
‘tion are included in the stope preparation curves. 


The total cost per day is the sum of the three separate cost curves (labor, 
supplies, and equipment operation) based on a production rate (X), in metric tons of 
_ore and waste per day. The curves are valid for operations between 800 and 9,500 
mtpd, operating two shifts per day. Cost per metric ton of ore is calculated by 
dividing the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 3.186(x)0-894 
The operating labor costs are distributed as follows: 


Direct MIF O Perec oteterete eo cere coteve.s 87% 
Maintenance labor..ccccccecce 134 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(800 to (55.1508 to per hour 
5,150 mtpd) 9,500 mtpd) (base rate) 
WTS nat Con BOR Ae annie aoe 38% 38% $18.27 
Loader OperatorSecceccccccece 38% 25% 13.50 
Motor OperatorSeccccccccccce - 25% 16.06 
Utility workers..cccccccccce 247% 12% 16.06 


Average wage for labor is $17.01 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 0.936(x)0-991 
The supply cost consists of 26% drill bits and steel, 25% blasting supplies, 24% 
rock support materials, 12% electricity, 8% miscellaneous items, and 5% contin- 
gency. Supplies necessary for nonmetallic room and pillar mining include drill 
bits and steel, blasting agent, caps, rockbolts, electricity, and miscellaneous 
items. 


(E) Equipment Operating Cost (Yg) = 2.159(x)9+723 


The equipment operating cost consists of 68% for maintenance and overhaul parts, 
18% for tires, 11% for lubrication, and 3% for fuel. The equipment curve covers 
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maintenance and overhaul parts, fuel, tires, and lubrication. Equipment for 
nonmetallic room and pillar mining includes jumbo-mounted drifters, roof 
bolters, powder buggies, undercutters, LHD's or continuous loaders with shuttle 
cars, and transformers. 


ADJUSTMENT FACTOR 
Rock Hardness Factor Room and pillar mining costs are related to rock hardness. If 
the compressive strength of the rock is known, or an estimate can be made from 
table A-l in the appendix, multiply the costs obtained from the equations by the 
following factors (base rock strength = 31,700 psi): 
Labor factor (Fz) = 0.388(c)9-993 
Supply factor (Fs) = 0.579(c)0-054 


Equipment operation factor (FR) = 0.715(c)9-933 
where C = compressive rock strength, in pounds per square inch. 
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Doe 
5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-2. MINING 


5.2.2.8. SHRINKAGE 


The shrinkage stope curve is based on using stopers for drilling and jacklegs for 
rock bolting. Production rates vary from 3 to 10 mt per worker-shift. Only the 
drilling and blasting of ore during actual production are accounted for in this 
curve. Access drift construction and service installation are covered in the stope 
preparation curve. Haulage and other services are covered in separate sections. 


The total cost per day is the sum of the three separate cost curves (labor, sup- 
plies, and equipment operation) based on a production rate (X), in metric tons of 
ore and waste per day. The curves are valid for operations between 100 and 4,000 
mt, operating two shifts per day. Cost per metric ton of ore is calculated by divi- 
ding the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yy,) = 39.395(x)0-895 
The operating labor costs are distributed as follows: 


Direct ‘l'a DOTare o teketeveteteroverevetete 99.82% 
Maintenance (labors. ¢sicccs ot Oa2e 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Av salary 

per hour 

(base rate) 
MING TSictse ce ctcls ce cle ete a acs a ciere ates 67% Oca. 
HEL DETS oie e'se's 0 0. sreveterarehetetetatetirs 334 13.86 


Average wage for labor is $16.84 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Ys) = 3.549 (x)09- 987 
The supply cost consists of 254 explosives, 48% steel items, 22% timber, and 5% 


miscellaneous items. Supplies include drill bits and steel, powder, caps, 
timber, and rockbolts. 


(E) Equipment Operating Cost (Yg) = 0.086(x)9-894 


The equipment operating cost consists of 934 for repair parts and 7% for lubri- 
cation. The equipment operating curve covers daily maintenance and repair, 
repair parts, and lubrication for the stopers and jacklegs. 


ADJUSTMENT FACTORS 


Rock Hardness Factor Shrinkage mining costs are related to rock hardness. If the 
compressive strength of the rock is known, or an estimate can be made from table 
A-1 in the appendix, multiply the costs obtained from the equations by the fol- 
lowing factors (base rock strength = 31,700 psi): 
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Labor factor (Fz) = 0.399(c)9-091 


Supply factor (Fg) = 0.585(c)9+953 


Equipment operation factor (Fg) = 0.717(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


/Width Factor The curve is based on a stope 1.83 m wide with varying lengths. For 


stopes from 1.0 to 6.1 m wide, multiply the costs obtained from the curves by 
the following factor: 


Width factor (Fw) = 1.353(w)70-500 
where W = stope width, in meters. 
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§5.2. UNDERGROUND MINING--OPERATING COSTS 
15.2.2. MINING 


15.2.2.9. SQUARE SET 


The square set stope curve is based on using jacklegs for drilling and rock bolting. 
Costs include excavation of the ore, slushing to chutes, and timber installation in- 
cluding chute and manway extensions. Production rates vary from 4 to 8 mt per work- 
er-shift. Only the drilling and blasting of ore during actual production are ac- 
counted for in this curve. Access drift construction and service installation are 
covered in the stope preparation curve. Haulage and other services are covered in 
separate sections. 


The total cost per day is the sum of the three separate cost curves (labor, sup- 
plies, and equipment operation) based on a production rate (X), in metric tons of 
ore and waste per day. The curves are valid for operations between 20 and 200 ot, 
operating two shifts per day. Cost per metric ton of ore is calculated by dividing 
the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Y,) = 60.332(x)0-839 
The operating labor costs are distributed as follows: 


Direct VabOtroetcletcs cc etersrctete fe 99% 
Maintenance labor. .cccccccce 12 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Av salary 

per hour 

(base rate) 
PEMGL Sto ties ak ofels 1s cle.6 aie vlelcre 1004 $18.31 


Average wage for labor is $18.31 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yg) = 13.246(x)0-890 
The supply cost consists of 22% explosives, 13% steel items, 59% timber, and 6% 


miscellaneous items. Supplies include drill bits and steel, powder, caps, 
timber, and rockbolts. 


(E) Equipment Operating Cost (Yg) = 0.750(x)9+902 


The equipment operating cost consists of 92% for repair parts and 8% for lubri- 
cation. The equipment operating curve covers daily maintenance and repair, 
repair parts, and lubrication for the jacklegs, slushers, and tuggers. 


ADJUSTMENT FACTORS 


Rock Hardness Factor Square set mining costs are related to rock hardness. If the 
compressive strength of the rock is known, or an estimate can be made from table 
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A-l in the appendix, multiply the costs obtained from the equations by the fol- 
lowing factors (base rock strength = 31,700 psi): 


Labor factor (Fy) = 0.403(c)9-090 
Supply factor (Fs) = 0.590(c)9-052 


Equipment operation factor (FR) = 0.716(c)9-033 
where C = compressive rock strength, in pounds per square inch. 


Width Factor The curve is based on a stope 7.2 m wide with varying lengths. 


For stopes from 1.0 to 7.2 m wide, multiply each curve value by the following 
factor: 


Width factor C35 p) 1.50(W)~0+205 


where W = stope width, in meters. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-22. MINING 


5.22.10. VERTICAL CRATER RETREAT 


The cost curves are based on VCR stope mining using down-hole drills for all dril- 
ling, and LHD units for drawing broken ore. The curves apply to any mining system 
in which large-diameter blastholes are loaded from the top sill, and ore is blasted 
into an undercut. This includes vertical crater retreat, vertical retreat mining, 
and end slicing to a drop raise. Average haul distance to a central conveyance 
point (truck loading station, ore pass, or underground crushing station) is esti- 
mated at 200 m. Production rates vary from 107 to 200 mt per worker-shift. Only 
the drilling, blasting, and drawing of the ore during actual production are account- 
ed. Construction of drawpoints, top sill cuts, bottom sill cuts, and access drifts 
are included in the stope preparation curves. 


The total cost per day is the sum of the three separate cost curves (labor, sup- 
plies and equipment operation) based on a production rate (X), in metric tons of ore 
and waste per day. The curves are valid for operations between 650 and 4,000 ot, 
operating two shifts per day. Cost per metric ton of ore is calculated by dividing 
the total cost per day by the metric tons of ore produced per day. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 23.075(x)0+595 


The operating labor costs are distributed as follows: 


Direct VA DOM cloluveteteroreiclole olelevete 87% 
Maintenance laborecececcccee 13% 


The operating labor costs are based on straight days pay and consist of the 
following typical range of personnel: 


Small Large Av salary 
(650 to (2,975 to per hour 
2,975 mtpd) 4,000 mtpd) (base rate) 
Dridlers )(miners) . syste lew <acgaenlae 21h $18.27 
HE LPers <\s.¢ + «oso state ore'sievelel sterets 14% 21% 13.82 
Blasters, (miners). %.<scleca<s 29% 42% 18.35 
LHD operators <cceccccccccecs 29% 112 16.50 
Leads p Laste recalls ostelste stalece che 14% 54% PS5c11 


Average wage for labor is $16.93 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Ys) = 2.152(x)0-947 
The supply cost consists of 69% blasting supplies, 13% drill bits and steel, 9% 
miscellaneous items, and 9% contingency. Supplies necessary for VCR mining in- 
clude drill bits, drill steel, blasting agent, primers, caps, detonation cord, 
caristrap, timber, and miscellaneous items. 
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| (E) Equipment Operating Cost (Yp) = 1.502(x)9-792 


The equipment operating cost consists of 44% for maintenance and overhaul parts, 
33% for fuel, 164 for tires, and 7% for lubrication. The equipment curve covers 
maintenance and overhaul parts, fuel, tires, and lubrication. Equipment for VCR 
stope mining includes down-hole drills, air track drill carriers, booster com- 
pressors, LHD units, and bit grinders. 


ADJUSTMENT FACTORS 
: Rock Hardness Factor VCR productivity is related to rock hardness. If the com- 
pressive strength of the rock is known, or an estimate can be made from table 
A-l in the appendix, multiply the costs obtained from the equations by the fol- 
lowing factors (base rock strength = 31,700 psi): 
Labor factor (Fy) = 0.388(c)0-093 
Supply factor (Fg) = 0.579(c)9-054 


Equipment operation factor (Fp) = 0.716 (c)9- 033 
where C = compressive rock strength, in pounds per square inch. 


Backfilled Stope Factor If stopes are to be backfilled, multiply the labor and sup- 
ply costs obtained from the VCR stope mining curves by the following factors: 





: Labor factor (Fy) = 0.863(x)9-030 


Supply factor (Fg) = 1.635(x)9-027 
where X = metric tons of ore and waste mined per day. 


These factors will account for the additional labor needed for backfill opera- 
tions, and the material needed for fill. 


COST, dollars per day 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.3. MINE HAULAGE 


SeeedeL. HOISTING 


Mine hoist operating costs, as determined in this section, are based on metric tons 
of ore and waste hoisted per hour from a specific depth on a two-shift-per-day sche- 
dule. When analyzing the hoisting system, the estimator should consider the follow- 
ing: 


1. Double-drum hoists are applicable to multilevel hoisting for all sizes of 
mines. 

2. Friction hoists are applicable for deep level (+915 m) and/or single level 
hoisting. 

3. Mines that hoist over 4,000 mtpd often have more than one hoist (i.e., one 
hoist may haul ore and waste and one hoist may be used for servicing the mine). The 
costs are only applicable for one hoist. If more than one hoist is required, recal- 
culate the curve(s) for each additional hoist (see ADJUSTMENTS for service hoists). 

4. Mines that hoist over 20,000 mtpd typically have more than one production 
hoist in conjunction with at least one service hoist. 

5. In choosing the hoisting system it is best to remember that these facilities 
are usually designed for a higher capacity than required. This is especially true 
for smaller mines or mines anticipating an increase in capacity (i.e., a hoist oper- 
ating at 100 mtph may have a design capacity of 200 mtph). 

6. Single hoist mines typical hoist muck for about 80% of the daily schedule 
(i.e., 13 h of a 16-h work day), the remaining 20% of the schedule is devoted to 
transporting personnel and supplies and performing maintenance. Mines serviced by 
more than one production hoist typically hoist muck about 90% of the daily schedule. 


The curves show costs for double-drum and friction hoists and are based on hoisting 
from 914 m (3,000 ft). 


The total cost per hour is the sum of the three separate cost curves (labor, sup- 
plies, and equipment operation) based on hoist capacity (X), in metric tons mater- 
ial, per hour. The curves are valid for operations between 100 and 800 mt, operat- 
ing two shifts per day. The total cost per day is the sum of the equipment opera- 
tion, labor, and supply curves multiplied by the number of hours of operation daily. 


BASE CURVES 
(L) Labor Operating Costs (¥z, poupLe-prum) = 860+[0.036(x)}-000] 
(Yr rriction). = 860+[0.031(x)9-790} 


The operating labor costs are distributed as follows: 


Direct ADOT erebolcreteiciols ekeroterercne 99 
Maintenance. LabDOre s« <s06 «+ ee 1 


He ag 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 
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Av salary 


per hour 
(base rate) 
HOLSECOPCTACOT ec stsisie'e sietereiosers 34% 13767 
GA GOT cess sislela slovotateie -clelatete e's iets 34% 18.11 
ASSUSt ANE CAVE Dac cciciclsis cletsrele 32% 16.33 


Average wage for labor is $17.54 per worker-hour (including burden and average 
shift differential). 


(Ss) Supply Operating Costs (Yo DOUBLE-DRUM) = 5.280(x)0-994 
(Yo FRICTION) = 4.485(x)0-983 


The supply costs consists of 954 electric power and 5% wire rope replacement. 


(E) Equipment Operating Costs (Yg pouBLE-DRUM) = 0-036(x)!-000 
(YE FRICTION) = 0.031(x)9-990 
The equipment operating cost consist of 80% for repair and maintenance parts and 


20% for lubrication. 
ADJUSTMENT FACTORS 
Depth Factor To determine operating costs for hoisting facilities whose maximum 
hoisting depth varies from 914 m (3,000 ft), multiply the costs obtained from 


the supply and equipment operation curves by the following factors: 


Double-drum hoist: 
Supply factor (Ys poUBLE-DRUM) = 0.0009(p) 1-932 


Equipment operation factor (Ys poypie-pRumM) = 0-001(D)!-919 
where D = maximum hoisting depth from the surface, in meters. 


Friction hoist: 
Supply factor (Yo FRICTION = 0.005(D) 9-768 


Equipment operation factor (Yp Friction) = 0-007(D)9- 729 
where: D = maximum hoisting depth from the surface, in meters. 


Shift Factor If hoists are operated one shift per day decrease costs 50%. If 
hoists are operated three shifts per day, increase costs 50%. 


Hoist Factor Under the following conditions multiply the labor cost obtained from 
the curves by the following factors: 


If a hoist is used for production hoisting only: 
Labor factor (F,) = 0.69 


If a fully automatic hoist is used: 
Labor factor (F,) = 0.71 


If a fully automatic hoist is used for production hoisting only: 
Labor factor (F,;) = 0.40 


563 


‘| Use Factor If a hoist is used for service hoisting only, multiply the costs ob- 
| tained from the supply and equipment curves by the following factors: 


Supply factor (Fg) = 0.33 


Equipment operation factor (FR) = 0.33 
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5-2- UNDERGROUND MINING--OPERATING COSTS 
5-2-3. MINE HAULAGE 


522-35. CONVEYOR HAULAGE 


Cost estimates derived through this section depict the operating cost of fixed con- 
veyor systems underground. Typically the ore will be conveyed from an underground 
crusher installation to an ore pocket at a shaft station or to the surface through a 
portal. The base case assumes a haul distance of 300 m (980 ft) and that the con- 
veyor system is utilized two shifts each day. As it will invariably be necessary to 
adjust for the actual haul distance of the case under evaluation the distance factor 
formulas contained in the ADJUSTMENT FACTORS section should be consulted. They 
should be used as multipliers of computed labor and equipment operation values de- 
rived form the base curves. 


A factor is also provided to allow for adjustment of power requirements for other 
than horizontal workings. This factor should be employed if the grade is greater 
than 2%. At no time should conveying be considered at pitches greater than 17°. 


BASE CURVES 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) based on a haulage rate (X), in metric tons of material 
conveyed per day. The curves are valid for operations between 100 and 50,000 mt, 
operating two shifts per day. Costs derived include all daily operating and main- 
tenance costs associated with the operation of the conveying system. The curves are 
based on a 300-m (980-ft) conveying distance. System capacities may vary from 363 
to 4,460 mt/h, utilizing belt widths of 610 to 1,829 mm. Because of practical limi- 
tations, lesser capacity systems would only be designed by limiting the operating 
period only and thus would be determined by proportion of the time employed. 


(L) Labor Operating Cost (Y,) = 10.036(x)0-415 


The operating labor costs are distributed as follows: 


Direct aDOY arvelete stetetete etereretelete 1004 
Maintenance labor..cccecscece 0% 


All required field and shop maintenance is performed by the operators and mech- 
anics. 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 

Av salary 

per hour 

(base rate) 
Belt operators. ccscceseccccs 50% $15.64 


Belt mechani Cs... ose se s sits 504 15.64 


Average wage for labor is $15.64 per worker-hour (including burden and average 
shift differential). 
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(S) Supply Operating Cost CY)" = 0.018 (x)0-771 


The supply costs consist of 100% electric power for conveyor drive and facility 
lighting. 


(E) Equipment Operating Cost (Yg) = 1.010(x)9-535 


The equipment operating costs consists of 100% for replacement parts and belt- 
ing e 


ADJUSTMENT FACTORS 


Distance factor For haul distances other than the assumed 300 m (980 ft), multiply 
the costs obtained from the curves by the following factors: 


Labor factor (Fy,) = 0.095(D)9-413 
Supply factor (Fg) = 0.003(D) 0-996 


Equipment operation factor (Fg) = 0.003(D)9+996 
where D = distance conveyed, in meters. 


Grade factor For other than horizontal belts, multiply the cost obtained from the 
supply curve by the following factor: 


Supply factor (Fg) = 0.983+0.355(R) 
where R = slope of the incline or decline, in degrees. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-3. MINE HAULAGE 


5+2-3.7. LOAD-HAUL-DUMP HAULAGE 


Through this LHD haulage curve, the cost of main haulage systems using LHD units can 
be determined. The base curve is designed to assess the cost of haulage in horizon- 
tal or near horizontal workings for a 500-m (1,600 ft), one-way trip distance. As 
it will invariably be necessary to adjust for different haul distances, factors are 
supplied that should be used as multipliers of the derived labor and equipment oper- 
ation curve values. 


The total daily cost is the sum of the two separate cost curves (labor and equipment 
Operation) based on a haulage rate (X), in metric tons of ore and waste moved per 
day. The curves are valid for operations between 100 and 20,000 mt, operating two 
shifts per day. Costs derived include all daily operating and maintenance costs 
associated with the operation of the LHD units. Actual haul units used for the 
basis of the curve were determined by et ae of operating costs of several units 
with capacities ranging from 0.8-to 9.9-m” buckets. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 1.584(x)9-812 
The operating labor costs are distributed as follows: 


Small Large 

(100 to (5,000 to 

5,000 mtpd) 20,000 mtpd) 
DUPGCTULADOT ss s\p o ciste's s siete cele 524% 382% 
Maintenance labore ses ss0.0 sss 48% 62% 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 

Av salary 

per hour 

(base rate) 
LHD Operatorseesessceseeeees 1004 $16.09 


(E) Equipment Operating Cost (Yg) = 1.165(x)9-859 


The equipment operating cost consists of 50% for replacement parts, 19% for 
fuel, 64 for lubrication, and 254 for tires. 


ADJUSTMENT FACTORS 


Distance factor For haul distances other than 500 m (1,600 ft) one way, multiply 
the costs obtained from the curves by the following factors: 


Labor factor (Fy) = 0.426+0.00124(D) 


Equipment operation factor (Fp) = 0.293+0.0014(D) 
where D = one way haul distance, in meters. 
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Grade factor A factor is also supplied for other than horizontal workings with cost 
related to percent grade. This factor should be used if the grade exceeds 2% 
and is equally applicable if dealing with inclines or declines. For other than 
horizontal haulageways, multiply the costs obtained from the curves by the fol- 
lowing factors: 


Grade factor (Fg) = 0.929(1.037)¢ 
where G = grade, in percent of incline or decline. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-3. MINE HAULAGE 


5.2.3.8.1. RAIL HAULAGE 
MAIN LINE 


Main line haulage system costs are based on two trains, each consisting of one 
trolley or diesel locomotive and side-dump ore cars, operating each shift with an 
average one-way haul of 3,049 m with a 1% grade in favor of the loaded train. 


The total daily cost for a main line rail haulage system is the sum of the three 
separate cost curves (labor, supplies, and equipment operation) based on a haulage 
rate (X), in metric tons of ore and waste moved per day. The curves are valid for 
operations between 100 and 50,000 mt, operating two shifts per day. These costs 
consist of charges for operation, maintenance, and repair of locomotives and ore 
cars, as well as electric, battery, or diesel power to run them, and infrequent 
track repair. 


BASE CURVES 


(L) Labor Operating Cost (Trolley)  (Yz, pRorLEy) = 128-402(x)9-386 


The operating labor costs for trolley locomotives are distributed as follows: 


Direct i DO Tietoteteretetedere ots teleretcte 58% 
Maintenance labor. ..eccceccs 42% 


Main line maintenance labor costs are distributed 11% for locomotive repair and 
maintenance labor, 314 for ore car and flat car repair and maintenance. 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Av salary 

per hour 

(base rate) 
Production Load@re dmc « elec sis 31% $16.33 
Production motorman...eceeee 33% 15.89 
Electrician. ccesecir ces 254 27.73 
PaADOTET .1clereic-c alereterato steveteleratatare 11% 1525 


Average wage for labor is $18.82 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Trolley) (Yg qRo,LEy) = 0-043(x)9-971 


The trolley locomotive supply cost consists of 64 track repair materials and 94% 
electric power. 


(E) Equipment Operating Cost (Trolley) (Yp qpRorpEy) = 7-797(xX)9°979 


The trolley locomotive equipment operating costs consist of 27% for locomotive 
repair and maintenance parts, 642 for ore car and flat car repair and mainten- 
ance parts, and 9% for lubrication. 
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If diesel locomotives are used instead of trolley locomotives for main line haulage, 
use the following equations: 


(L) 


(S) 


(E) 


Labor Operating Cost (Diesel)  (Yy, prgspr) = 104.954(x)9-402 
The operating labor costs for diesel locomotive are distributed as follows: 


Direct WA DOD stelelerotetoteleretorelatere |e 49% 
Paincenance LabOrs. sc sess 6 51% 


Diesel maintenance labor costs are distributed 18% for locomotive repair and 
maintenance labor, 334 for ore car and flat car repair and maintenance labor. 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Av salary 

per hour 

(base rate) 
Production motorperson...... 404% 15.89 
PrOduct1on (LGadGwisw-s.c.0 0 -c:cic ors 43% Loess 
EADOTC Ts ce aces 6 616 sieie sitsebre eee 17% 15329 


Average wage for labor is $15.97 per worker-hour (including burden and average 
shift differential). 


Supply Operating Cost (Diesel) (Ys prrspy) = 0-385(x)9-331 
The diesel locomotive supply cost consists of 1004 track repair materials. 


Equipment Operating Cost (Diesel) (Yp prEspy) = 4-382(X)9+ 680 


The diesel locomotive equipment cost consists of 304 for locomotive repair and 
maintenance parts, 51% for ore car and flat car repair and maintenance parts, 9% 
for lubrication, and 104 for fuel. 


ADJUSTMENT FACTORS 


Haul Distance Factor If one-way haul distance varies from 3,049 m (10,000 ft) for a 


main line system, multiply the costs obtained from the curves by the following 
factors: 


Main line trolley: 
Labor factor (Yq, TROLLEY) = 0+259(D)9-169 


Main line diesel: 
Labor factor (Yq, prespy) = 0-171(D)9°221 


Main line trolley and diesel: 
Supply factor (Ys TROLLEY & DIESEL) = 0.042(D)0- 396 


Equipment operation factor (YR TROLLEY & DIESEL) = 0-042(D)9+396 
where D = one way haul distance, in meters. 


Shift Factor If a rail haulage system operates one shift per day, derive the appro- 


priate cost by entering the cost curves at two times the system capacity, and 
then decrease the derived costs by 50% (i.e., a main line system operates one 


shift per day at 400 mtpd, use 800 mtpd, to derive curve costs, then decrease 
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these costs by 50%). If a rail system operates three shifts per day, enter the 
cost curves at two-thirds the system capacity, and then increase the derived 
costs by 50% (i.e., a main line system operates three shifts per day at 900 
mtpd, use 600 mtpd to derive the curve costs, then increase these costs by 504). 





10,000 


1,000 


100 


COST, dollars per day 


10 


Underground Mining—Operating Costs 


acest 
Seer 


etatet i: eb Si 


100 <X< 50,000 





100 1,000 10,000 100,000 
ORE AND WASTE, metric tons moved per day 


5.2.3.8.1.a Rail haulage—main line 
TROLLEY 


hes) 


576 


COST, dollars per day 


10,000 


1,000 


100 


10 





Underground Mining—Operating Costs 
MRE TTS a a 


0.40 
104.954(x) 0°40? 


oheien 
0.385(X) 


0.680 


4.382(X) 


100 


1,000 10,000 100,000 
ORE AND WASTE, metric tons moved per day 


5.2.3.8.1.b Rail haulage—main line 
DIESEL 





577 
5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.3. MINE HAULAGE 


5-2.3.8.2. RAIL HAULAGE 
MULTILEVEL 


Multilevel haulage system costs are based on one train, comprising a battery locomo- 
tive and side-dump ore cars, operating each shift with an average one way haul dis- 
tance of 915 m (3,000 ft) with a 1% grade in favor of the loaded train. The number 
of trains operating are determined from the daily production from each mine level. 
For example, a 2,000-mtpd mine has four mine levels; however, only two levels are 
producing ore while the other two levels are being developed; so the haulage system 
on each level should be capable of transporting 1,000 mtpd. 


The total daily cost for a multilevel rail haulage system is the sum of the three 
separate cost curves (labor, supplies, and equipment operation) based on a haulage 
rate (X), in metric tons of ore and waste moved per day. The curves are valid for 
operations between 100 and 15,000 mt, operating two shifts per day. These costs 
consist of charges for operation, maintenance, and repair of locomotives and ore 
cars, as well as electric, battery, or diesel power to run them, and infrequent 
track repair. 


BASE CURVES 


(L) Labor Operating Cost (Yz) = 155.792(x)9+290 
The operating labor costs are distributed as follows: 


Direct Mab ORekehetelersicucceceuc: cbosetele 126 
Maintenance, Labor: sic ss sess 28% 


Multilevel labor operating curve costs are distributed 80% for locomotive 
repair and maintenance labor, 204 for ore car and flat car repair and 
maintenance labor. 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Av salary 
per hour 
(base rate) 
Production motorman... «sss 33% 15.89 
Product. One lLOadeCricss se sis 6 cic 347 16.33 
TR a fep ash Oe ro ACSC 33% To.25 


Average wage for labor is $15.83 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost Ope 0.105(x)0- 564 
The supply cost consists of 43% track repair materials and 57% electric power to 


recharge locomotive batteries. 


(E) Equipment Operating Cost (Y,) = 5.062 (x)9- 558 


The equipment operating cost consist of 28% for locomotive repair and mainten- 
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ance parts, 60% for ore car and flat car repair and maintenance parts, 9% for 
lubrication, and 3% for locomotive battery replacement. 


ADJUSTMENT FACTORS 


Haul Distance Factor If one-way haul distance varies from 915 m (3,000 ft) for a 
multilevel system, multiply the cost obtained from the curves by the following 
factors: 


Labor stactorea. (Yn. = 0.539(D)0- 091 
Supply factor (Yg) = 0.097(D)9+344 


Equipment operation factor (Yg) = 0.097(D)9-344 
where D = one way haul distance, in meters. 


Shift Factor If a rail haulage system operates one shift per day, derive the appro- 
priate cost by entering the cost curves at two times the system capacity, and 
then decrease the derived costs by 50% (i.e., a multilevel system operates one 
shift per day at 400 mtpd, use 800 mtpd, to derive curve costs, then decrease 
these costs by 50%). If a rail system operates three shifts per day, enter the 
cost curves at two-thirds the system capacity, and then increase the derived 
costs by 504 (i.e., a multilevel system operates three shifts per day at 900 
mtpd, use 600 mtpd to derive the curve costs, then increase these costs by 50%). 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.3. MINE HAULAGE 


5.2.3.9. TRUCK HAULAGE 


The truck haulage curves cover costs of transporting ore and waste in rear-dump 
trucks. It is assumed that front-end loaders or LHD's are used for loading, and 
that one loader is required for every two trucks in use. One way haulage occurs 
over an average distance of 680 m (2,250 ft). The curves for truck haulage are de- 
signed to cover situations where the trucks start on a level grade, and are at a 
maximum attainable speed when uphill or downhill segments of the haulage route are 
encountered. In most instances the actual haul distance for a mine under evaluation 
will differ from the one given above. Adjustment can be made by consulting the 
haulage distance factor contained below. 


The total daily cost is the sum of the two separate cost curves (labor and equip- 
ment operation) based on a haulage rate (X), in metric tons of ore and waste moved 
per day. The curves are valid for operations between 1,000 and 50,000 mt, operat- 
ing two shifts per day. 


BASE CURVES 
(L) Labor Operating Costs (Front-End Loader) (Yq, pry) = 0.386(x)9-974 
(L) Labor Operating Costs (LHD)  (Yz, pyp) = 0-361(x) 0-980 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 
Av salary 
per hour 
(base rate) 
TLUCK Ori Verse v ctere o'e5,6 « sieeisis 61% $16.90 
Loader OoeratorSeccccccccece 39% 16.90 


(E) Equipment Operating Costs (Front-End Loader) (YR ppy) = 0-747(x)9-915 
(E) Equipment Operating Costs (LHD) (Yp pyp) = 0.506(x)9-953 


The equipment operating cost consists of 28% for parts, 47% for fuel and lubri- 
cation, and 25% for tires. The equipment operating curve includes the daily 
overhaul and maintenance costs for parts, and daily fuel, lube, and tire costs. 
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ADJUSTMENT FACTOR 


Haulage Distance The given curves are valid for one-way haul distances of approxi- 
mately 680 m (2,250 ft). To determine equipment and labor costs for one way- 
haul distances of other than 680 m (up to 3,000 ft), multiply the costs obtained 
from the truck haulage curves by the following factors: 


Labor factor (Fy) = 0.055(D)9+445 


Equipment operation factor uae) ts 0.053(D)0-450 
where D = actual one way haul distance, in meters. 


When the haulage distance is increased, the cycle time will show a corresponding 
increase, and more trucks will be needed to haul an equivalent amount of mater- 
ial. 
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COST, dollars per day 
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5.2. UNDERGROUND MINING--OPERATING COSTS 

5.2.4. TRANSPORTATION 

5.2.4.4. LONG-DISTANCE RAIL HAULAGE 

The following tabulation gives the average cost, in cents per metric ton-kilometer, 
for shipping mineral materials from the Mountain-Pacific territorial area (including 
Denver, CO) to any of the five territorial areas within the continental United 
States. This information is valid as of January 1984. 


AVERAGE SHIPPING COSTS FOR MINERAL MATERIALS, cents per metric ton-kilometer 


Material shipped from Area destination 


Mountain-Pacific area Mountain-| Western|South- | Southern | Official] U.S. 
Pacunvc a average 


Metallic ‘ores voice. eo sniece FLAS 
Tron, Gconcenurates. cs siecle selec + PBA 
Copper: precipitates... 7... dee Reo 
Bauxite sored. secs eicrete sc iebslacere 2 Ou 
Alumina? cal cine .. 5 sec <tc cs cremuc « 2.606 
Nonmetallic minerals!......... 2008 
Crushed (st one cies ioe ereeia sem raga Ry | 
Sandeor egrave le... sclerosis ee Jali 
Tndust 71a 1 VS andeicieicseeteieseteeds 20D 
RELTactOries 1, sect eteteice ole areters 6 lade 
Glay MANE TALS. c1ncicis clelste lots ois Aare 27 
Fertilizer minerals......deces 2.09 
BOral ey Crude | ciclerotcs-tesstckensuenonsiers 2.08 
Sirl ftiten stetarcicbers elelete viets ere eielebeletece 2034 
Gyp8uM CTUdE.....scesecesecsne 3.30 
Diatomaceous earth... .< cece Lee 
Nonmetallic minerals n.e.c. 1.63 
CO a Los dioica! o, olarevavele fore eystatehsterekeravents 1626 





Estimated. NA Not available. 

Most nonmetallic ores, except fuels. 

Includes agate, crude chalk, lithium, earth or soil, coral, rubidium, graphite, 
sericite, nepheline syenite, shale, well drilling cores, crude topaz, vermiculite- 
unexpanded, slag, perlite, cornwall, crystal quartz rock, quartzite, silaceous flux- 
ing ore, silica rock, and zeolites. 


Source: 1983 Carload Waybill Sample data collected by Dep. of Transportation, 
Federal Railroad Administration, Office of Conrail. 
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Costs for shipping certain mineral materials from the Mountain-Pacific area to other 
areas may be not available (NA) for two reasons; first, shipments of these materials 
has dropped dramatically during the last ten years, making evaluation of costs im- 
possible. Second, certain mineral materials are typically not shipped between two 
areas. For example, copper precipitates traditionally are never shipped out of the 
Mountain-Pacific area. 


To determine the total cost of transporting a specific mineral material, first 
select the appropriate cost from the table listings given above, then multiply that 
value by the distance in kilometers the material is to be shipped, and also by the 
metric tonnage to be shipped. Finally, divide the answer by 100 to get a value in 
dollars. 


Example: The cost for shipping 100,000 metric tons of fertilizer minerals from 
Denver to a point in the Southern Area 2,500 km away is: 


[ (2.05¢/mt *km)x (100, 000mt )x(2,500km)/(100¢/$) = $5,125,000. 
The following map shows the boundaries for the different territorial areas. 


To estimate the cost for shipping mineral materials from one point to another, irre- 
spective of territorial zones, use the following equation: 


Y = [15.359(D)~9+275] /100 
where D = distance, in kilometers the material is to be shipped, 
and Y = cost, in cents per metric ton kilometer. 


The resultant answer must be multiplied by the tonnage and the distance it is to 
be hauled to get a total cost in dollars. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-4. TRANSPORTATION 


5.2.4.5. LONG DISTANCE SURFACE CONVEYOR 


These curves cover the cost of transporting material from the mine via a single- 
flight conveyor belt reinforced with high-strength steel and cover a capacity range 
of 15,000 to 150,000 mtpd. The material is conveyed up a 109 slope for a distance 
of 1 km. The conveyor availability is 94%. Usually, the material is crushed or 
screened at the mine site before being conveyed. Screen and crusher costs are not 
included in this cost but are covered in separate sections. 





The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a production rate (X), in metric tons material trans- 
ported per day. The curves are valid for operations between 15,000 and 150,000 mt, 
operating three shifts per day. The curves include all daily operating and mainten- 
ance costs associated with the conveyor operation. 


BASE CURVE 











(L) Labor Operating Cost (Yy,) = 7.429(x)0+464 
The operating labor costs are distributed as follows: 





Small Large 
(15 to (50,000 to 
50,000 mtpd) 150,000 mtpd) 
DLTECU? LabODiste-w0'e-0's"s ee terete ere 71% 47% 
Maintenance labor....ccccoee 29% 53% 





The direct labor costs consist of the following typical range of personnel: 


: Small Large Av salary 

: (L54t0 (50,000 to per hour 

| 50,000 mtpd) 150,000 mtpd) (base rate) 
ODETALOT isis voces t so ciele ¥ ties sb OG 54% $16.25 
Assistant Operator. ecceceecce 36% 464 23297 


The average wage for labor is $15.32 per worker-hour (including burden and 
average shift differential). 


(S) Supply Operating Cost (Yg) = 0.068(x)9+933 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Yp) = 2.226 (x)9-358 


The equipment operating cost consists of 95% for repair parts and 5% for lubri- 
cation for the idlers and mechanical parts. 


ADJUSTMENT FACTORS 


Length and Slope Factor To determine costs for varying conveyor lengths and slopes, 
multiply the costs obtained from the curves by the following factors: 


588 
Labor factor (Fy) = 0.815+0.190(L) 
Supply factor (Fs) = [0.208+0.0794(S)][L] 
Equipment operation factor (Fp) = L 


where L = length of conveyor, in kilometers, 
and S = slope of conveyor, in degrees (S is between 0° and 15°). 


The cost for a decline conveyor is equal to that for a horizontal conveyor (0° 
slope). 
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MATERIAL, metric tons transported per day 


5.2.4.5. Long distance surface conveyor 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5+2+4. TRANSPORTATION 


5.24.6. LONG DISTANCE TRUCK HAULAGE 


The trucking industry has undergone intensive change since its recent deregulation. 
Truck transportation of mineral materials has shifted predominantly away from the 
class rate system to the bulk commodity method. This has corresponded with a de- 
crease in the number of carriers and an increase in competition. Each carrier now 
determines its own rate and tariff schedules. 


Truck transportation costs as shown here cover the transportation of mineral mater- 
ials by 23 mt rear-dump trucks. The area covered includes the western contiguous 
United States. 


BASE CURVE 
The base curve determines costs for the transportation of each metric ton of mineral 
materials via county and State maintained roads with less than or equal to 34 


grades. The curves are based on the one way distance (X), in kilometers the mater- 
ial is hauled. The curves are valid for operations between 20 and 200 kn. 


(T) Truck transportation (Yp 0%-3% GRADE) = 0-227(x)9-715 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


When the average grade of road is greater than 34, but less than 64, a tariff factor 
is included with the base curve equation. . 


(T) Truck transportation (Yq 3%-6% GRADE) = 0-180(x)9-909 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


When the average road grade is equal to or greater than 64, a different tariff fac- 
tor will have to be included with the base curve equation, modifying it to 


(T) Truck transportation (Yr 46% GRADE) = 0-179(x)9+ 963 


Costs determined using this curve must be multiplied by the total tonnage to be 
hauled to obtain the final cost. 


ADJUSTMENT FACTORS 
Long-Term Contract The final values arrived at through multiplying the tonnage by 
any of the three curves can be reduced by 10% to 20% if long term hauling con- 


tracts are to be used. 


Tonnage If trucks with carrying capacities greater or less than 23 mt tons are 
used, the cost per metric should be modified accordingly. 











COST, dollars per metric ton 
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5.2.4.6. Long distance truck haulage 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.5. MINE PLANT GENERAL OPERATIONS 


5.2.5.2. COMPRESSED AIR FACILITIES 


The total daily cost for a compressed air plant is the sum of the three separate 
cost curves (labor, supplies, and equipment operation) based on mine air require- 
ments (X), in cubic meters per minute. The curves are valid for operations between 
20 and 2,000 m>, operating two shifts per day. The costs consist primarily of 
charges for the maintenance and repair of compressors as well as the electric power 
to run them. All labor costs are restricted to repair and maintenance labor, and 
supplies are restricted to infrequent pipe section or pipe joint replacement. 


If actual compressed air requirements are known or can be estimated the evaluator 
may determine the operating cost by consulting the curve directly. If compressed 
air requirements are not known they may be estimated from the following information: 


Air requirement m/min) 
Mining Method per metric ton per shift 
Shrinkage, cut and fill, mechanized cut and fill, 
Square-set stoping methods: 
RAUNQG's s/s onc sisie sie sles e'nsieir wicloiats oie isi clots «ieteverens erenatelore 0..027-05265 
AVELALZC sore clsteis evelie etelets ole uc o/dlele'srcles alatsislele clei dia otele is 0.200 


Blasthole mining: 
Range. eevoeeoeevoevoeeveveeeoeeeeeeeeeeeeeeeweeeeeeeoeevseeeeeee @ 0. 073-0. 094 
Average. eoeoeoeeeeeeveeeeeeeeeeeeeeeeeeeeesnse7eeeeeeeeee @ 0. 083 


Longhole drilling, sublevel, block caving methods: 
RANZC\ ce ccccccccccvcvcccvcccccrcccce cree esecccsccce 0.050-0.093 


AVETAZC 2 oe eecececeecrccrevcccecccccccecceevcccess 0.070 


Open stoping: 


RANgeeccccccccvvcccccvccvcccccevecccceccccccccens 0. 170-0. 260 
Average @eeeeeoeeeeveeeeeeeeseveseeeeeseeeeeeseeeeeeeeeeeee @ 0. 200 
BASE CURVE 


(L) Labor Operating Costs (Y,) = 0.006(x)1-213 


The operating labor costs are distributed as follows: 


DUrece: LVabories cicceisslaiciesclererets 0% 
Maintenance labor....ccccoee 100% 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Av salary 
per hour 
(base rate) 
Maintenance and 
repair Labor... c.s pie stents cP O04 $17.66 











ee 


Average wage for maintenance labor is $17.66 per worker-hour (including burden 
and average shift differential) 


(S) Supply Operating Costs (Yg) = 0.743(x)1-214 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Cost (Ym) = 0.013(x)1-213 


The equipment operating cost consists of 60% for repair and maintenance parts 
and 40% for lubrication. 


ADJUSTMENT FACTOR 
Elevation Factor If elevation of the compressor plant varies from 1,600 m, a cor- 
rection for altitude must be applied to the air requirements. To adjust air 


volume requirements, multiply the costs obtained from the compressed air curves 
by the following factor if the plant is not at 1,600 m elevation: 


Factor Peeias thet aecied dod beet aed 


6,000 





Elevation, 















1,000 7,000 1.07 

2,000 8,000 1.11 

3,000 9,000 1.15 

4,000 10,000 1.19 
12,500 






The factors can be generated from the following equation: 


Elevation factor (Fp) = 0.823+0.0001(G) 
where G = elevation, in meters. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.5. MINE PLANT GENERAL OPERATIONS 


5.2.5.5. GENERAL ITEMS--COMMUNICATIONS, SANITATION, HOUSEKEEPING, FIRE 
PROTECTION AND ELECTRICAL 


This set of curves covers the cost of general yard work, carpentry repair, janitor- 
ial services, plumbing, road grading, ditch cleaning, general mechanical repairs, 
handling incoming supplies and materials, electrical maintenance and repair, and 
general housekeeping. The tonnage mined is based on two shifts per day. 


Total cost is the sum of three separate cost curves (labor, supplies, and equipment 
operation) having a production rate (X), in metric tons of ore and waste mined per 
day. The curves are valid for operations between 100 and 50,000 mt, operating two 
shifts per day. The curves include daily operating and maintenance costs associated 
with utility trucks, mobile cranes, motor patrols, various cleaning materials, and 
electrical-plumbing supplies. 


BASE CURVE 


(L) Labor Operating Cost (Yyz) = 25.640(x)9-577 


The operating labor costs are distributed as follows: 


Direct la DOT e-clels nslctateic’e.b e000 90% 
Maintenance laboreeceecccvces 104 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Small Large Av salary 
(100 to (1,000 to per hour 
1,000 mtpd) 50,000 mtpd) (base rate) 

DEA CY. PHOT ON -lejnjateidesoieskiniolels 47% 204 5343 
Skiptender. .cccccccccccccccs - 11% 25527 
Equipment operator..coceceoee 142% 164 18.18 
General laborer. ccccccccccee - 142 14.11 
Security janitors siecle sic.cits & 33% 154% 14.25 
Welder, first class......... 6% 154% 16.92 
PLCCUPICIAN sels «ie cies c's oh o:ecs.6 - 9% 25.54 


Average wage for labor for the small mine is $15.52 per worker-hour and for the 
large mine is $16.68 per worker-hour (including burden and average shift diffe- 
rential). 


(S) Supply Operating Cost EEO) i 1.123(x)0-843, 
The supply cost consists of 100% miscellaneous supplies. 


(E) Equipment Operating Cost OED 16.430(x)9-339, 


The equipment cost consists of 37% for parts, 54% for fuel and lubrication, and 
9% for tires. The equipment operating curve includes the daily overhaul and 
maintenance costs for parts, and daily fuel, lubrication, and tire costs. 


COST, dollars per day 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.5. MINE PLANT GENERAL OPERATIONS 


5.2.5.7. PORTABLE POWER GENERATION 


This section is to be used in conjunction with section 4.2.5.7. when electric power 
is unavailable through a commercial power utility company or when it would be un- 
economical to run power distribution facilities to the user. The total cost per 
kilowatt hour (kW*h) replaces the commercial Denver, CO, power rate used in other 
sections of this manual. 


These curves cover the cost of power production from a single portable power unit 
(see adjustment factor for multiple units) ranging from a small diesel generator 
with less than 100 kW output to a large gas turbine producing more than 20,000 kW 
of power. 


Total cost is expressed in terms of cents per kilowatt hour for a specific power 
output. The curves cover the cost of labor for overhauls and normal repairs, parts 
for overhauls and normal repairs, and fuel and lubrication costs. The curves have 
been divided into three parts: the first part covering horizontal diesel generators 
from 18- to 400-kW output, the second part covering horizontal diesel generators 
from 400- to 2,900-kW output, and the last part covering gas turbine generators from 
2,900- to 23,600-kW output. 


Total cost is the sum of two separate cost curves (labor and equipment operation) 
based on a specific power output rating (X), in kilowatts. The curves are valid for 
generators between 18 to 23,600 kW. The curves include all daily operating and 
maintenance costs associated with power production per generator unit. 


BASE CURVE 


To convert from kilovolt ampere (kV°A) demand to kilowatt power output estimate 

the power factor (PF). This may vary from 0.80 for electric motor circuits to 1.00 
for electric light circuits. The kilowatt output is then determined by kV°A x PF 

= kW. [Power Output Determination - for surface mine power output (kW), see section 
2.2.4.2. For underground mine and mineral processing plant power demand (kVA), 

see sections 4.2.5.3. ‘and 6.1.8.4. CIC 9143). 


(L) Labor Operating Cost (Yyz, 18-400 kw) = 0- 169(x)79- e°95 | 
(Y ) = 0.409(X)~ 
L 400-2,900 kW (x)-0- 445 


(YL 2,900-23,600 kw) = 9-008 
The operating labor costs are distributed as follows: 


Direct 38D OTs oo ote fetes tolote tec eke 0% 
Maintenances abors suns sams 100% 
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(E) 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MechaniCsecccsisincs sv. steve 100% 18 el) 


The average wage for maintenance labor is $18.11 per worker-hour (including bur- 
den and average shift differential). 


The labor curves do not contain any operating labor costs since all units oper- 
ate unattended in an automatic mode (some smaller units may not have automatic 
starting systems and would require a manual start). The only labor necessary is 
that which is required for maintenance and scheduled overhauls by mechanics. 


Equipment Operation Costs (Yp 18-400 kw) = 0-145(x)79-075 
(Ye 400-2,900 kw) = 0-158(x)~9-070 


; (Yr 2,900-23,600 kw) = 0-131(x)7~0- 122 
The general equipment operating cost component distribution is as follows: 


Discription Repair parts Fuel and lube Tires 
Horizontal diesel: 
18° COU4OOMKW rete soe rete wteree 18.02% 73% 9% 
BOD0PEO Ze 900T KWe caret crete 12.02% 79% 9% 


Gas turbine: 2,900 to 
23,600 eWerr ere ea eo hate ene 11% 754 14% 


The parts category includes normal maintenance parts such as belts and pumps, 
and major overhaul items such as valves, injectors, brushes, and commutators. 
The fueling cost is based on $1.00/gal diesel fuel (at 7.093 1b/gal) or $3.20/ 
1,000 ft? of natural gas with a Btu rating of 1,050 Btu's per cubic foot. 


ADJUSTMENT FACTORS 


Sulfur Fuels Factor If high sulfur fuels are used, multiply the labor and parts 


costs by the following factor: 


Sulfur fuels factor (FL) = 1.333 


Power Rate If power is to be supplied by more than one unit, then the total power 


output should be divided by the number of required units to obtain the power 
output per unit (X) needed for entering the curves. 


Power Source For those cases where power is supplied to the mine and mineral pro- 


cessing plant from different sources as a result of geographic or economic con- 
straints, separate cost estimates, using this section, must be made to reflect 
the independent power outputs. This will result in different power costs for 
mines and mineral processing plants and must be accounted for separately in the 
mining and mineral processing sections of this manual. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-5. MINE PLANT GENERAL OPERATIONS 


5.2.5.9. STOCKPILE STORAGE FACILITIES 


Stockpile operating costs, as determined in this section, are based on metric tons 
of stockpiled material reclaimed during a two-shift-per-day operation. The costs 
represented are only applicable for stockpiles formed and reclaimed by conveyors. 
The daily reclaim rate is typically about 67% of the stockpile's live storage capa- 
city. Total stockpile capacity is normally about 600% of the daily reclaim rate. 
For example, a coarse ore stockpile for a mill operating at 10,000 mt of ore per day 
has a live storage capacity of about 15,000 mt and a total stockpile capacity of 
60,000 mt. 


Total operating cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on the production rate (X), in metric tons material re- 
claimed from the stockpile per day. The curves are valid for operations between 
2,000 to 200,000 mt, operating two shifts per day. 


BASE CURVES 


(L) Labor Operating Costs (Yz) = 7.229(x)9-503 
The operating labor costs are distributed as follows: 


Direct VA DOT ciereleherialeleraleccserete 33% 
Maintenance laboreceecccccs 67% 


The labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
MEChant Ge cic cs cieis cisic ca'eletslels 72.04 $17.99 
Conveyor Operator. ccececece 14.82 14.89 
TADOLC Lets oes ss. tete ale ace eo lecetate 133.24 13.26 


Average wage for labor is $16.91 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Costs (YoJa= 0.019 (x)09-928 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Costs (YR) = 4.643(X)9-524 


The equipment operation curve consists of 94% for repair and maintenance parts 
and 64 for lubrication. 


ADJUSTMENT FACTOR 


Shift-Reclaim Rate If a stockpile facility is operated one shift per day, multiply 
the daily reclaim rate by two; calculate the operating costs from the base 
curves using the adjusted reclaim rate; then decrease the calculated cost by 50% 
to arrive at the adjusted cost. If the facility is operated three shifts per 


603 


day, multiply the daily reclaim rate by 0.67; calculate the operating costs from 
the base curves using the adjusted reclaim rate; then increase the calculated 
cost by 50% to arrive at the adjusted cost. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.5. MINE PLANT GENERAL OPERATIONS 


5-2.5.-11. VENTILATION SYSTEM 


Total cost is the sum of three separate cost curves (labor, supplies, and equipment 
operation) having an air capacity (X), in cubic meters per minute. The curves are 
valid for operations between 1,000 and 60,000 m3, operating three shifts per day. 
Main ventilation system cost consists of charges for repair and maintenance of fans 
as well as the electric power to run them. Operating costs for auxiliary ventila- 
tion equipment is accounted for in each mining method section. For a brief explana- 
tion of factors affecting mine ventilation systems, consult section 4.2.5.1l. 


If mine air quantity and mine pressure head (measured in pascals), are known, con- 
sult the base curves directly. If mine air quantity and mine head are not known, 
requirements may be estimated using the information below. | 


Air Quantity (m3/min) Mine head 
Mining Method per metric ton (Pa) 
Room and pillar: 
RANge.cccccccccccccccccccccccccccccccce 0.539-5.208 1S pe 191 
AVETAZC cc ccccccccvccccccsscccccccccccces 1.917 1,609 
Sublevel caving, panel caving, sublevel 
blasthole, VCR, longhole: 
ROUNGGccccctesccesescesececcesosescessees 1.158-7.881 S23. 500 
AVET ALC .5 4 6 dpe 0 oe oclse 60s cc cles secs se ole 3.394 agli op 
Block caving. 
RANZCecccccccccccccccvcsesvccvcccccccce 0.607-1.784 1718-5, T2i 
AVETAZEC ce cccccccccccccccccccccccccccvccce 1.163 an We 
Cut and fill, shrinkage, square set: 
Range eeeeseeseesereeeeeseseeeseeeeeeeeeeeeeeee @ Lee 172-5. 073 L,992-6, 12 
AVETAGC ce cocccccccccccccccccccccce se ccce 3.789 Fig) WY ia | 


(Pressure head conversions 1 psi = 27.7 in H70 = 6.8948 kPa) 


BASE CURVES 


(L) Labor Operating Cost (Yj) = 0.003(x)9-870 


The operating labor costs are distributed as follows: 


Direct Ma DO erctetetareiete. oe! cletate e 0% 
Maantenance lLaboresecsvccs cs 100% 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 
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Av salary 

per hour 

(base rate) 
Maintenance and repair labor.. 1004 $17.66 


Average wage for maintenance labor is $17.66 per worker-hour (including burden 
and average shift differential). 


(S) Supply Operating Cost (Yg) = 0.001(x)9-8704/ (H) (Q)(C)/1,997] 
The first part of the equation accounts for miscellaneous system costs and the 
second part of the equation accounts for electric power cost 


where H = mine head in pascals 
Q = quantity of air in cubic meters per minute. 
and C = power cost in dollars per kilowatt hour (use $0.050/kW*h if 
unknown) . 


(E) Equipment Operating Cost (Yp) = 0.002 (x) 9-870 


The equipment operating cost consists of 94% for fan repair and maintenance 
parts and 64 for lubrication. 


ADJUSTMENT FACTORS 


Air-Warming Factor Heat-plant operating costs correlate to the number of days per 
year the ventilation intake air must be heated above 0° C (see section 
4.2.5.11). The number of heating days per year range from 92 for a climate sim- 
ilar to the Denver, CO, area to 169 for a cold climate. Apply operating costs 
throughout the entire year. Heat-plant equipment operating costs (E) range from 
$56/day per 2,830 m3/min of ventilation for a climate similar to Denver to 
$490/day per 2,830 m3/min of ventilation for a cold climate. Increase labor 
operating costs between $6.25/day per 2,830 m3/min of ventilation for a cli- 
mate similar to Denver to $11.50/day per 2,830 m3/min for a cold climate. 


Air-Cooling Factor If an air-cooling plant is required (see section 4.2.5.11.), 
multiply the costs obtained from the ventilation system curves by the following 


factor: 


Air-cooling factor (Fe COOLING) et RAT Sie) 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5-2-5. MINE PLANT GENERAL OPERATIONS 


5.2-5.12-1. WATER AND DRAINAGE SYSTEM 
DRAINAGE AND DISPOSAL SYSTEM 


The costs derived from these curves apply to underground mines where water is col- 
lected into a central drainage system and transported to sumps for initial settling 
and treatment. The water is then pumped, via a series of vertically emplaced sta- 
tions, to either the mill or a tailings pond. A standard height of 610 m is used. 
As each case addressed will invariably require adjustment for depth, appropriate 
factors are provided in the ADJUSTMENT FACTORS section. Note that height in this 
discussion is identified as vertical pumping distance. Allowances have already been 
made for the discrepancies between pumping head and height pumped. 


The total daily cost is the sum of the three separate cost curves (labor, supplies, 
and equipment operation) based on the amount of water pumped (X), in cubic meters of 
water per day. The curves are valid for operations between 600 and 20,000 m~, 
operating 24 h/d. 


BASE CURVES 


(L) Labor Operating Costs  (Yyz) = 0.304(x)09+757 
The operating labor costs are distributed as follows: 


Direct L'a DOT ete elite ite lete etoretetets 0% 
Maintenance labor.cccccccece 100% 


Labor costs are distributed 48% for pump maintenance and repair and 524 for 
pipeline maintenance. 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 


Av salary 
per hour 
(base rate) 
Maintenance and 
TEPALY cL EDO tilele steteks' oslo eo siete 100% $17.98 


Average wage for maintenance labor is $17.98 per worker-hour (including burden 
and average shift differential). 


(S) Supply Operating Costs (Ys) = 0.131(x)09-992 
The supply cost consists of 100% electric power. 


(E) Equipment Operating Costs (YR) = 0.167 (x)9- 766 


The equipment operating cost consists of 93% for repair and maintenance parts 
and 74 for lubrication. 
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ADJUSTMENT FACTOR 
Total Pumping Height If pumping height is other than the 610 m used to determine 
the base curves, multiply the costs obtained from the drainage and disposal 
curves by the following factors: 
Labor factor (Hy) = 0.731el0-0005(H) J 
Supply factor (Hg) = 0.0019 (H)9-977 


Equipment factor (Hp) = 0.572e[0-001(H) J 
where H = actual pumping height, in meters. 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5.2.5. MINE PLANT GENERAL OPERATIONS 


5-2-5-12.2. WATER AND DRAINAGE SYSTEM 
WATER SUPPLY SYSTEM (MAKEUP WATER) 


Operating costs for water systems supplying up to 125 m3/h, typical of an under- 
ground mine or a small mine and mill complex, are calculated from this section. 
Operating costs for larger joint-use mine-mill systems are calculated in section 
7.1.8.14 (CIC 9143). 


If water quantity requirements are known and are less than 125 n3/h, consult the 
base curves directly. If water quantity is not known, mine requirements (Y), cubic 
meters water per hour, may be estimated using the equations below. Mill require- 
ments can be estimated from section 7.1.8.14.2 (IC 9143). Water volume required 
for an underground mine is dependent on the principle type of drilling equipment 
used, the major water user in underground mines. 


Air-leg drills: 
Water requirement! Y(w AIR-LEG DRILL? = 0.049 (x, )9-889 


Jumbo and DTH drills: 
Water requirement! Y(w jsymBo/DTH DRILL) = 0.025(X,)9-749 


where X; = ore mined, in metric tons per day. 
1 Daily water quantity = m3/h x 16 operating h/d. 


Operating costs for an isolated mine (i.e., no adjacent mill) are derived directly 
from the base curves. For a joint-use system, combine mine and mill water require- 
ments and derive the total operating costs from the appropriate curve. 


BASE CURVES 


Total cost is the sum of three separate cost curves (labor, supplies, and equipment 
operation) having mine water requirements (X), in cubic meters per day. The curves 
are valid for operations between 40 and 2,000 m3, operating two shifts per day. 
These costs consist of charges for the maintenance and repair of pumps as well as 
the electric power to run them and infrequent pipeline repair. 


(L) Labor Operating Cost (Yj) = 2.058 (x)0-444 
The operating labor costs are distributed as follows: 


Direct ADO e 6 sleteleicicisleieveevers 0% 
Maintenance Jabor.i.ccssccee 1004 


Labor operating curve component costs are distributed 32% for pump repair and 
maintenance and 68% for pipeline repair and maintenance. 


The operating labor costs are based on straight days pay and consist of the fol- 
lowing typical range of personnel: 
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Av salary 
per hour 
(base rate) 
Maintenance and 
repaired La bGiee se cidietece tem scete 100% $17.98 


Average wage for maintenance labor is $17.98 per worker-hour (including burden 
and average shift differential). 


(S) Supply Operating Cost (Ys) = 0.680(x)9-627 
The supply cost consists of 51% pipeline repair parts and 49% electric power. 


(E) Equipment Operating Cost (Yr), = 0.150(x) 0-658 


The equipment operating cost consist of 95% for pump repair and mainten- 
ance parts and 54 for lubrication. 


ADJUSTMENT FACTORS 


Joint-Use After deriving the joint-use water system operating cost from the appro- 
priate curve using the combined mine and mill water quantity requirements, allo- 
cate mine operating cost versus mill operating cost based on the percentage of 
water quantity demand (i.e., if the mine requires 10% of the total quan- 
tity, operating cost is split 10% mine and 904 mill). 


Purchased Water Factor On occasion, purchase of water from a nearby municipal water 
system is a viable alternative for a mine. If this is either the present case 
or is being evaluated as a possible water source, the water purveyor charges 
would be the sole operating cost. The evaluator should contact the local supp- 
lier to determine what the actual charges would be. 


Shift Factor Curve costs should be reduced 504 for a one-shift-per-day operation 
and increased 504 for a mine operating three shifts per day. 
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5.2. UNDERGROUND MINING--OPERATING COSTS 


5-2-6. GENERAL EXPENSE 
ADMINISTRATIVE COSTS 


The general expense curve for underground mining administrative salaries and wages 
is intended to cover the supervision and various other administrative functions re- 
quired for underground mines of varying sizes. The number of administrative employ- 
ees varies from 3 to 4 persons at a smaller mine (100-300 mtpd) to as many as 40 or 
more in large mines (7,000 mtpd and up). The total daily cost is the sum of three 
cost curves (labor, supplies, and equipment operation) based on a production rate 
(X), in metric tons ore per day. The curves are valid for operations between 100 to 
50,000 mt, operating two shifts per day. 


5-2-6-1. ADMINISTRATIVE SALARIES AND WAGES 
BASE CURVE 


(L) Administrative Salaries and Wages (Y,) = 33.293 (xX)9- 586 
The operating labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(100 to (7,000 to per hour 

7,000 mtpd) 50,000 mtpd) (base rate) 
Supervision; mine, maintenance.... 542 554% 23 8ti2 
Clerical; secretarial, accounting. 13% 104 $12.84 
Engineering and geology..cccccsees 21% 12% $23.70 
ASSAYANG s aisiitate tele cust cts Clejarsisitic duels acre 8% 9% $16.62 
Purchasing, warehousing.....ecccees 2% 11% $16.66 
Safety, first aid, security....... 2% 3% $20.70 


Average administrative labor cost is $20.95 per worker-hour (including burden 
and average shift differential). 


ADJUSTMENT FACTOR 


Burden Factor If the burden is other than 322, multiply the cost obtained form the 
curve by the following factor: 


Burden factor (Fret 4 (145) O32) 
where B = known burden expressed as a decimal. 
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5-2-6-2. ADMINISTRATIVE PURCHASES 


Daily operating costs for administrative supplies include the mine's portion of 
electric power and heating bill for office, assay laboratory, repair shops, and 
warehouses; supplies for assaying mine samples; and telephone, postage, and station- 
ary costs. Costs also included are engineering, first aid, and safety supplies; 
travel and entertainment expenses; miscellaneous fees, dues, and donations; and 
small tool replacement costs. 


BASE CURVE 


(S) Administrative Purchases (Yo) = 33.238(x)0-380 
The supply cost consists of 


Electrical power and heatscccccscocccecesecece 514 
Mine sample assaying. ccc ccs ce cco cece es cerens 24% 
Telephone, postage, and stationary..c.cccccoces 64 
Engineering, first aid, and safety supplies... 5% 
Travel and entertainment ..ccccccccossccvecescer 9% 
Miscellaneous fees, due, and donations........ 2% 
Sia ds LOLS weiss ticles sins 0 costes ssles cee 06 esse e0 3% 


5-2-6-3. ADMINISTRATIVE EQUIPMENT OPERATION 


Administrative equipment operating costs include the expense for operation of vehic- 
les and equipment used by the administrative and warehousing staff such as pickup, 
crew cab, flatbed trucks, and forklifts. 


BASE CURVE 


(E) Administrative Equipment Operation (Yp) = 0.234(x)9-791 


The equipment operating cost consists of 34 for repair and overhaul parts, 932 
for fuel and lubrication, and 4% for tires. 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-2-7. INFRASTRUCTURE 


CAMPSITE 


Where conditions such as remote location or seasonal operation require a single 
status-campsite (i.e., room, board, and recreation facility), the daily operating 
cost should be derived from the following base cost curve. Today a caterer is 
usually employed to provide board, housekeeping, and recreation supervision. Heat, 
lights, garbage disposal, and plant maintenance are usually provided by the owner. 


BASE CURVE 
The total daily cost is derived from the supply curve based on the total number of 
persons who occupy the campsite (X). The curve is valid for campsites occupied by 


20 to 1,000 persons. All persons receive both room and board. 


(S) Supply Operating Cost (Yg) = 37.143(x)9-897 


Small Large 
(20 to (450 to 
450 persons) 1,000 persons) 

BOAT sc lscre stele em of s'cals vere 60's 61.54 59.04 
Housekeeping and recreation. 23.9% 23.0% 
HOACG Vac cee coke sees ccls ete alee 6.44 9.04 
Rolie litreteta lacs setenv ais cisiesevere aeets sete 2.4% 3.4% 
Maintenances ..ecceccccessec es 5.8% 5.64 


If the number of persons requiring board varies from the number of persons requiring 
room, use the following equation: 


(S) Supply Operating Cost (Yg) = [37.143(X)9+897][0.60(B/R)+0.40(R) ] 
where B = number of persons requiring board only, 
and R = number of persons requiring room only. 


These curves are based on a caterer who provides all necessary personnel for food 
service, housekeeping, distribution and collection of mail, monitoring recreation, 
etc., and all necessary supplies, such as pots, pans, dishes, silverware, sheets, 
pillowcases, blankets, waste cans, recreation supplies, janitorial supplies, food, 
etc. The evaluator must add the cost for local, State, or Federal taxes where 
required. 


ADJUSTMENT FACTORS 


Owner-Operator Factor When the facility is owner-operated rather than catered, 
multiply the cost obtained from the curve by the following factor: 


Owner-operator factor (Fo) = 0.93 
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Diesel Power Factor When the electric power is provided by a diesel-electric system 
rather than a power line grid, multiply the cost obtained from the curve by the 
following factor: 


Diesel power factor (Fp) = 1.04 


TRAILER COURT 


Where conditions such as remote location or lack of available housing require insta- 
llation of a family trailer court complete with utilities, laundromat, recreation 
facilities, blacktop driveway, and possibly swimming pool, the daily operating cost 
should be derived from the following two curves. The total daily cost is derived 
from the supply curve, based on the total number of trailer spaces, (X), required. 
The curve is valid for trailer courts with 20 to 1,000 units. 


BASE CURVE 


The curves are based on trailer and facility maintenance, insurance, casualty 
insurance, supervisory and worker wages, plus overhead, heat, and lights. 


(S) Supply Operating Cost (Yg prep) = 49-514(x)9-590 
Company-owned mobile homes, spaces, and facilities where the trailers and spaces 
are free to supervisors and workers. The company pays all operating costs on 
the facility. 


(S) Supply Operating Cost (Ys pENnTED) = 1,676-.049(x)~0+/16 
Company-owned mobile homes, spaces, and facilities where the trailers and spaces 


are rented to supervisors and workers. The company pays for any loss on the 
facility. 


ADJUSTMENT FACTORS 


Swimming Pool Factor When the trailer court does not provide a swimming pool, mul- 
tiply the curve (Yo preg) by the following factor: 


Swimming pool factor (Fp prer) = 0-82 
When the spaces and trailers are rented and the trailer court has 52 or more 
units it will show a profit. If there are less than 52 units, multiply the 
curve (Ys RENTED) by the following factor: 

Swimming pool factor (Fp ppnrep) = 0-05 


Trailer Space Rental Factor When the occupants rent trailer space for their own 
trailers, multiply the curve (Yg prre) by the following factor: 


Trailer space rental factor (Fp preg) = 0-36 
PERMANENT HOUSING 


Company totally owned and operated townsites are decreasing in number because of 
their high cost and persistent social problems. The trend seem to be toward small 
family housing facilities combined with an existing nearby city. 
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Large townsite permanent housing: 
Today, the military appears to be the greatest user of this type of facility. 
The Air Force provides housing to its officers and enlisted personnel. The 
Government pays for housing and facility maintenance, all utilities, supervisor, 
and worker labor, etc. The average operating costs for 1983 were: 


McCord Air Base - 993 units: $6.66 per day per unit. 
Fairchild Air Base - 1,580 units: $6.93 per day per unit. 


Small townsite permanent housing 
These facilities are generally rented to their occupants at a modest fee with 
the company paying for the general maintenance, insurance, and taxes. Rent is 
applied to the capital investment. A new housing facility (175 family units) in 
the western United States, cost the company $0.98 per day per unit to maintain. 


BASE CURVE 


The total daily cost is derived from the supply curve based on the total number of 
housing units, (X), required. The curve is valid for 140 to 1,900 housing units. 


(S) Supply Operating Cost (Ys) = 0.008 (x)9+948 
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5.2. UNDERGROUND MINING--OPERATING COSTS 
5.2.7. INFRASTRUCTURE 


5.2.7.4.1. WASTEWATER TREATMENT 
CLARIFICATION 


This operation is a solids-contact clarifier used for water clarification by preci- 
pitation and/or coagulation. This cost curve is intended to remove suspended solids 
formed after final neutralization of out-of-pipe effluent. The curves include all 
principal costs associated with the operation of the unit. It does not include 
costs for sludge removal. The unit can selectively or simultaneously remove turbi- 
dity, color, organic matter, manganese, iron, alkalinity, taste, and odor. 


The total daily cost is the sum of three separate cost curves (labor, supplies, and 
equipment operation) based on a tank diameter (X), in meters. The curves are valid 
for tank diameters between 2.74 to 45.72 m (cross-sectional area ranging from 5.9 to 
1,642 m2), operating three shifts per day. Costs are based on an overflow rate of 
0.377 (L/s)/m2. 


BASE CURVES 


(L) Labor Operating Cost (Y;) = 38.931(x)9-119 


The operating labor costs are distributed as follows: 


Direct ra D Ockacohaetoketecetsvctelctons 10024 
Maintenance labor........e. 0% 


The labor costs consist of the following typical range of personnel: 


Small Large Av salary 
(5.72°to G75%to per hour 
75 m) 1,661 m) (base rate) 
PADOTES s «4 oaole's\cis » a0 «9 0\0 afete 60% 54% $13.66 
PADOCACOUY« .s'« cs sicle ie + cfeiclc oie 40% 464% 15.89 


Average wage for labor is $14.43 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Cost (Yo) = 1.083(x) 9-633 


The supply curve consists of electric power and maintenance supplies. 


Small Large 

Cot Zao (75 to 

75 m) 1,661 m) 
BROCCTECa ye ve es aineas clace's 6 isle 60% 34% 
Maintenances: «suns esos 060.6 40% 66% 


(E) Equipment Operating Cost (Y.) "= 0.505(x) 1-064 


The equipment operation curve consists of 100% for repair parts and covers the 
daily operation cost for all clarification equipment. 
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ADJUSTMENT FACTOR 
Flocculant Factor Normally, additional flocculants are not needed in the mine waste 
water treatment after neutralization. However, if polymers are needed or used, 


add the following factor to the supply cost obtained from the curve: 


Supply factor (Fs) = 0.334(p)1-812 
where D = clarifier tank diameter, in meters. 


The polymer is based on a standard dosage of 1.5 mg/L influent and an average 
polymer cost of 2.10/1b. 
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5-2. UNDERGROUND MINING--OPERATING COSTS 
5-27. INFRASTRUCTURE 


5-2-724-2- WASTEWATER TREATMENT 
NEUTRALIZATION 


The Environmental Protection Agency's publication EPA-600/2-82-00/d "Treatability 

Manual, Vol. IV, Cost Estimating," April 1983, was the source of cost development. 

One is referred to this manual if further detail in neutralization costs is needed. 
Additionally, other waste water treatment methods are costed in this EPA manual. 


The operating cost curves are used when neutralization of waste water effluent (out- 
of-pipe) is required. The basic design variable is waste water flow. It is assumed 
that flow equalization is provided by a tailings pond. The costs apply to the neu- 
tralization of either acidic or basic wastewater streams originating from mine, 
mill, or combined mine and mill after it flows out-of-pipe from the central impound- 
ment pond. In most mining operations further waste water treatment costs are not 
required. The system consists of chemical addition and two-stage neutralization 
tanks. It is assumed that pH and suspended-dissolved solid content of influent to 
the system will be unknown at this level of costing. Basis of design uses a stan- 
dard dosage of 100 mg/L lime and 100 mg/L acid to achieve a pH of 7.0 over a pH 
range of 6.5 to 8.0. 


BASE CURVES 


The total daily cost is the sum of three cost curves (labor, supplies, and equipment 
operation) based on the waste water flow rate (X), in liters of effluent to be 
treated per second per day. The curves are valid for operations between 0.001 to 
876 L/s (22.8 gal to 20 million gal/d), operating three shifts per day. The curves 
include all costs associated with the operation of a neutralization system such as 
labor, lime, acid, power, service water, and laboratory expenses. 


(L) Labor Operating Costs (Yz,) = 84.85(x)9-000 
The operating labor costs are distributed as follows: 


Direct TADOTs eusteleale wine ele 100% 
Maintenance laboreeeecccvces 0% 


Tne labor costs consist of the following typical range of personnel: 


Av salary 

per hour 

(base rate) 
TADOLET s cise.e sles 6 ssc ce ace eerste 89% $15.80 
HPabOratory cic cic seco lee arorsiciee 11% 15.80 


The average labor cost is $15.80 per worker-hour (including burden and average 
shift differential). 


(S) Supply Operating Costs CY oun O0L-R e761 /s oun 24.13(x)0- 950 
(Ys 8.76-876 L/s) = 21-282(x)9+997 
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The supply costs consists of electric power, water, and chemicals and lime in 
the following proportions: 


Small Large 
(0 to (Ger bata 
8.76 L/s) 876 L/s) 
BLCCELTS DOWEL as ss cttels sterele’s 3% 2% 
WADCETS eens «cce-eis eis scele ciate + e.3 804% 89% 


Chemicals) and /limev...s.. es i ees 9% 


(E) Equipment Operating Costs (Yr 9,901-8.76 L(s? = 8.44(x)9-099 
(YE 8.76-876 L/s)_ = 1-801(x)0-°°3 


The equipment operation curve consists of 100% for repair parts and covers the 
daily operation cost for all neutralization equipment. 


COST, dollars per day 


1,000 


100 


= 
oO 


0.01 


Underground Mining—Operating Costs 
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ia A biatbdodin fare us 





0.001 0.01 0.1 1 10 
FLOW RATE, liters effluent treated per second 


5.2.7.4.2.a Wastewater treatment 
NEUTRALIZATION 
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Underground Mining—Operating Costs 


0.997 
|S 21.282(X) 


0.563 





10 100 1,000 
FLOW RATE, liters effluent treated per day 


5.2.7.4.2.b5 Wastewater treatment 
NEUTRALIZATION 


630 


APPENDIX.--REFERENCE TABLES 


Table A-l. - Average compressive strength of some common rock types! 


(Compressive strength determined parallel to bedding where applicable) 




























Tactite....ee- 393.015 x 106 Gate. cae 186.855 X 106 
Diorite....... 227.535 X 106 Monzonite..... 112.389 x 106 
Marble swe ons 223.398 X 10° Arcill Ltemaca. 109.631 xX 106 
Granites orld 218.572 X 10° Limestone..... 97.909 x 106 
Quartzite..... 212.366 xX 10° Shales. aime 95.841 x 106 
Ghertire. ates 206.161 xX 108 Siltstone..... 71.708 x 108 
Basaltewuen 194.439 X 108 Sandstone..... 53.781 x 106 


Hematite. .seo-s 189.613 


Icompilation of data from BuMines RI's 3891, 4459, 4727, and 5130. 
2Newtons per square meter. 





Table A-2. - Bulk density 


pip/ee3 | kg/m? || ateriat | ib/ee? 


2 Oo Tee) Lead Ore......-{|200-2/0 












Material 
Asbestos Ore... 





3.203% iE =43250 



































Bauxite Ore....}j 80- i 1, 20. ola lee Magnetite Ore.. 315 S$ 0a5: 8 
Chrome Ore Manganese Ore..{125-140 | 2,002.3-2,242.6 

(Chromite)....{125-140 | 2,002.3-2,242.6 Molybdenum Ore. 107 1,714.9 
Copper Ore ws... LZ0=150 9 1922. 224020, Nickel Ore... . | 90-150 | 1,441 .6-2,402.7 
Ilmenite Ore... 140 Deo G2 6 ZATICAOY G ouclaunlatele 160 2, 56229 





LFon OFe@s c's cissiet ore dlr OU ete ee ert 
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Table A-3. — Major slurry pipelines and their characteristics 


3,785 
52,990 
6,245 
17,030 
64, 350 
1,820 
520 
720 
1,250 
3, 400 
2200 
18,930 
18,930 
8,710 
3,100 
3,260 
2,350 
4, 390 
4,160 
6, 430 
4,160 
37,850 
7,950 
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